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ISOLATION OF SEXUAL STRAINS OF PLACODERM 
DESMIDS 


RicHArRD C. STARR 


The rarity of observed sexual reproduction in natural populations of 
placoderm desmids and the lack of success in inducing the sexual response 
in cultures have resulted in the neglect of this otherwise promising group 
of green algae as tools for genetic research (Lewin 1954). The writer (Starr 
1954a) reported the isolation of heterothallic sexual strains of Cosmarium 
botrytis var. subtumidum Wittr. which have served as material for the first 
genetic investigations in the desmids (Starr 1954b). Subsequent attempts¢ 
to isolate other sexual strains of desmids have met with success. It occurred 
to the writer, therefore, that a brief report on the methods involved might 
be of benefit to other workers interested in the cytotaxonomy and genetics 
of these algae. Sexual strains of the following species have been isolated by 
the writer: Cosmarium botrytis var. subtumidum Wittr. (heterothallic, Nos. 
3 and 4), Cosmarium botrytis var. mediolaeve West (heterothallic, Nos. 200 
and 201), Cosmarium subcostatum Nordst. var. (heterothallic, Nos. 100 
and 101), and Clostertum parvulum Naeg. (homothallic, No. 1).' 

Natural populations of desmids seldom exhibit evidences of sexual repro- 


duction, but in those instances where zygospores are found they often ap- 


pear in such large numbers as to indicate that the sexual response had been 
effected through the rare combination of certain necessary environmental 
conditions. Early investigators (DeBary 1858, Klebahn 1891, Klebs 1896) 
did achieve some success in inducing sexual reproduction in natural popula- 
tions by bringing them into the laboratory, but later investigators using 
unialgal or clonal cultures never were able to induce a sexual response by 
manipulating the environmental conditions. Random pairing of unialgal 
cultures has been attempted, but this has not proved effective in discover- 
ing sexual strains even in such algae as Chlamydomonas, in which sexual 
reproduction is not so rare as in the placoderm desmids (Lewin 1951). 
The writer has achieved some success by approaching the problem from 
a different point of view. Attempts have been made to isolate sexual strains 
only from natural populations of desmids in which there was already some 
evidence of sexual reproduction, either as pairs of conjugating cells or as 
mature zygospores. Although the rarity of, observed sexual reproduction in 
the placoderm desmids imposes a natural limit on this method, its success 


1 The writer is indebted to Professor G. W. Prescott of Michigan State College for 
the identification of these species. 
261 


[THE BULLETIN for May-June, 1955, (82: 155-260) was issued May 19, 1955] 






















































262 BULLETIN OF THE TORREY BOTANICAL CLUB [Vou. 82 


ean hardly be overlooked in view of the total failure experienced by workers 
using other methods. 

From a preliminary study of the environmental conditions under which 
the sexual strains of Cosmarium botrytis var. subtumidum yield the highest 
percentage of zygospores, information was gained which proved useful in 
the subsequent isolation of sexual strains of other desmids. Light, composi- 
tion of the medium,’ and carbon dioxide appear to act as factors limiting 
the sexual response in C. botrytis var. subtumidum. The sexual response is 
induced routinely in this species by mixing the heterothallic strains in a 
shallow 65 mm. watch glass which rests on a glass triangle in the bottom of 
a petri dish. Depleted medium from either culture of the sexual strains is 
used to dilute the inoculum. Fresh medium causes prolonged cell multipli- 
cation and so delays the reaction. In earlier trials using pyrex spot plates 
rather than watch glasses, it had been found that zygospores were formed 
only on the rim of the depression in the spot plate or on the surface of the 
medium. The same quantity of inoculum produced a larger percentage of 
zygospores when placed in shallow watch glasses, but, even then, zygospores 
were rarely formed in the center of the dish. The theory that sexual re- 
sponses in some algae might be intimately connected with photosynthesis 
has been advanced by several workers (Lewin 1954, Sager and Granick 
1954). Therefore, carbon dioxide was considered as a possible limiting factor 
in inducing zygospore formation in Cosmarium botrytis var. subtumidum 
in the deeper parts of spot plates or watch glasses. With this in mind, a 5% 
solution of sodium bicarbonate was substituted for the distilled water which 
had been added routinely to the petri dish in order to prevent excessive 
evaporation from the spot plate or watch glass. With this substitution zygo- 
spores are formed regularly in all areas of the watch glass. The removal of 
carbon dioxide from the surrounding atmosphere by using a 5% solution 
of sodium hydroxide resulted in the complete absence of the sexual re- 
sponse. When populations in which pairing of the conjugants had already 
been effected were placed in a CO,.-free atmosphere, the pairs dissociated; 
replacement of the solution of sodium hydroxide with sodium bicarbonate 
was followed by a return to the sexual condition indicating the importance 
of carbon dioxide. 

2 The medium used in culturing all the species described in this paper is soil-water 
medium of Pringsheim (1950). It is prepared in the following manner: A small pinch of 
powdered calcium carbonate is placed in the bottom of an 18x 150 mm. test tube and 
covered with 4 to 4 inch of garden soil. This soil of medium humus content should not 
have been fertilized recently with commercial fertilizer. The tube is then filled % full 
with glass-distilled water and plugged with a cotton stopper. The tube of medium is 
steamed (not autoclaved) for a period of one hour on two consecutive days. It should be 
noted that this soil-water medium containing calcium carbonate is useful only for those 
desmids which prefer an alkaline medium. For species from non-alkaline waters, a 


medium such as that compounded by Waris (1953) for Micrasterias will probably have 
to be used. 
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The covered petri dish containing the mixed sexual strains is exposed 
to a cycle of 18 hours of light and 6 hours of darkness using a bank of 
‘‘warm-white’’ fluorescent tubes. In order to get a maximum sexual re- 
sponse, it is necessary that the dishes receive approximately 500 ft.-c. of 
light. Quantitative relations between the degree of illumination and the 
sexual response remain to be investigated. A temperature of 20-23° C. is 
maintained throughout. Under these conditions of light, temperature, me- 
dium, and carbon dioxide, zygospores of Cosmarium botrytis var. subtumi- 
dum are formed usually within two to four days, depending on the physio- 
logical condition of the cells used; cells from old cultures in which rapid 
multiplication is not occurring often undergo a cell division prior to pair- 
ing and thus delay the process. A more critical study of the environmental 
conditions in relation to the sexual response is planned. 

Closterium parvulum (No. 1) was isolated from a natural population 
collected near Bloomington, Indiana; it contained a variety of species of 
Closterium and other desmids. Microscopie examination of the population 
revealed the presence of a few zygospores whose origin could be readily 
attributed to Closterium parvulum, for the empty cell walls of this species 
would be seen in the mucilaginous sheaths which are commonly secreted at 
the onset of the conjugation process (Starr 1954a). Although only a few 
vegetative cells of C. parvulum were observed in the collection, six indi- 
viduals were isolated and placed singly in tubes of soil-water medium. After 
the cultures had become established, examination showed the presence of 
sexual stages in all the clonal cultures indicating that these strains of 
Closterium parvulum are homothallic. 

The heterothallie strains of Cosmarium subcostatum (Nos. 100 and 101) 
and Cosmarium botrytis var. mediolaeve (Nos. 200 and 201) were isolated 
from a single natural collection sent to the writer by Professor Harold C. 
Bold of Vanderbilt University. On receipt of this collection, a microscopic 
examination showed the presence of a large number of zygospores formed 
by cells belonging to Cosmarium subcostatum. Pairs of conjugating cells 
could not be found but vegetative cells were present in great numbers. 
Although vegetative cells could have been isolated at random and later 
mixed in order to identify the compatible sexual strains, it would have sim- 
plified this identification if the members of a pair of conjugants could have 
been separated and used to produce clonal cultures. In an effort to secure 
such pairs, some of the crude material was mixed with the liquid super- 
natant of a soil-water tube and placed in a watch glass under the same con- 
ditions of light, temperature, medium, and carbon dioxide tension, de- 
scribed above for eliciting the sexual response in Cosmarium botrytis var. 
subtumidum. Within a few days, pairs of cells of C. subcostatum could be 
observed. Cells of Cosmarium botrytis var. mediolaeve were also observed 
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pairing, although no evidence of sexual reproduction of this species had 
been observed in the examination of the crude culture on arrival. 

Pairs of both species were isolated singly into the depressions of pyrex 
spot plates containing soil-water medium. The dishes were then put in the 
dark until the following day; early experiments with Cosmarium botrytis 
var. subtumidum had shown that conjugating cells would usually dissociate 
if placed in the dark for as long as 24 hours. Separation of the conjugants 
by purely physical means is extremely difficult and often results in injury 
to one of the conjugants because of the layers of mucilage secreted at the 
beginning of the conjugation process. Following separation, each excon- 
jugant of a pair was placed in a tube of soil-water medium. After sufficient 
multiplication had occurred, cells from each pair of cultures were tested 
for sexual behavior both singly and in combination by placing them under 
environmental conditions known to favor conjugation in C. botrytis var. 
subtumidum. In both C. subcostatum and C. botrytis var. mediolaeve, zygo- 
spores resulted only when cells of a culture arising from one exconjugant 
were mixed with those from its respective mate, indicating the heterothallic 
nature of the sexual response. 

Zygospore formation in natural populations appears to coincide with 
those environmental situations which provide good illumination and rapid 
absorption of carbon dioxide from the air. Fritsch (1953) stated that the 
apparent special conditions necessary for inducing sexual reproduction in 
the desmids seem to be most often realized in small ponds or shallow pools. 
Workers with planktonic desmids rarely observe sexual stages in these 
species. Lund (Teiling, 1950, p. 316) reported that a five-year period of 
weekly examinations of the desmid plankton in Lake Windemere failed to 
produce a single zygospore. Teiling (1950) concluded that the degree of il- 
lumination was the limiting factor in this and similar situations. It is in- 
teresting to speculate that by placing natural populations of desmids under 
environmental conditions which have been found to elicit the sexual re- 
sponse in the species discussed in this paper, one could reasonably expect to 
discover sexual potentialities in other strains which would otherwise be 
overlooked. It should be remembered, however, that unless sexually-com- 
patible strains are present in the natural population, no combination of 
environmental factors can be expected to induce the sexual response. There 
is always the possibility that mutations selected during years of multipli- 
cation by asexual means may have resulted in individuals incapable of 
sexual reproduction. 

SUMMARY 


1. Heterothallic sexual strains of Cosmarium botrytis var. subtumidum 
Wittr., Cosmaritum botrytis var. mediolaeve West, and Cosmarium subco- 
statum Nordst. var. have now been isolated in clonal cultures. 
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2. A homothallie strain of Closterium parvulum Naeg. also has been 
isolated. 

3. Methods used in isolating the cultures and in inducing sexual repro- 
duction are described. 

4. Light, carbon dioxide, and the composition of the medium are impor- 
tant environmental factors to be considered in inducing the sexual response 
in cultures of desmids. 

5. It is suggested that these factors may also control the sexual response 
of desmids in nature. 

DEPARTMENT OF Botany, INDIANA UNIVERSITY 

BLOOMINGTON, INDIANA 
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THE SHOOT APEX AND LEAF OF DIANTHUS 
CARYOPHYLLUS L. 


SAM SHUSHAN AND MARION A. JOHNSON 


Histological investigations made on the shoot apex during the past two 
decades, while quite extensive (see reviews by Foster 1939, 1941; Philipson 
1949, 1954; Johnson 1951 and Gifford 1954) indicate that further work is 
needed in this field. In the Caryophyllaceae Schnabel (1941) has explored 
the structure of the shoot apex including the origin of the leaf primordia 
and axillary bud meristems in Honckenya peploides, Silene maritima and 
Dianthus caryophyllus. The following observations extend our knowledge 
in this family as recorded here for Dianthus caryophyllus L. 

Materials and methods. Lateral branches, 4 to 20 centimeters long, of 
the white flowering carnation, Dianthus caryophyllus L. (horticultural va- 
rieties Joan Marie and Maytime), were obtained from mature plants grown 
in gravel culture in a complete nutrient solution (Davidson 1946). The 
data on axillary buds include observations made on the varieties Maytime, 
Atlas, and Jupiter. All material was killed and fixed in formalin-acetic 
acid-aleohol (5 parts commercial formalin, 5 parts glacial acetic acid, and 
90 parts of 50 per cent alcohol) and immediately aspirated for 30 minutes. 
Subsequently the tissue was dehydrated in a tertiary butyl alcohol series 
and infiltrated with tissuemat (M.P. 56-58 degrees centigrade). Sections 
were cut at 5, 7, and 10 microns in thickness and stained in anilin blue and 
safranin; fast green and safranin; Heidenhain’s iron-alum hematoxylin 
and safranin; and Conant’s quadruple stain (Johansen 1940). 

General features of the shoot apex. The shoot apex of vegetative 
branches is dome-shaped in longitudinal section and elliptical in transverse 
section (figs. 1-6 and 12-19). Foliar buttresses arise from it in decussate 
succession. In the course of a plastochrone, the apex undergoes marked 
cyclical changes in volume. A maximum occurs immediately preceding the 
initiation of a pair of foliar buttresses (fig. 1). Following the initiation of 
the buttresses, the apex continues to contribute to foliar development and 
consequently decreases in volume until a minimum is reached (figs. 2, 3). 
Thereafter, the apex is gradually built up again until maximum volume is 
once more attained (figs. 4, 5, 6). 

Measurements were made of the shoot apices of 50 lateral vegetative 
branches 4 or more centimeters long. The axils of the youngest pair of leaf 
primordia were used as points of reference for all measurements, except 
when only the foliar buttresses were present, in which case the adaxial sur- 


266 





L U B 
» 1955 


t two 
ipson 
rk is 
lored 
ordia 

and 
ledge 


g, of 
1 va- 
rown 

The 
time, 
cetic 

and 
utes. 
eries 
tions 

and 
cylin 


ative 
verse 
ssate 
rked 
- the 
n of 
and 
, 3). 


1e is 


itive 
leaf 
cept 
sur- 





1955 | SHUSHAN AND JOHNSON: DIANTHUS CARYOPHYLLUS 267 


face of the bulge was arbitrarily chosen as the base of the apex. The average 
dimensions obtained were: minor axis, 135 »; major axis, 155 »; and height, 
63 ». The largest apex had a minor axis which measured 162 », a major axis 
of 174 and a height of 93 »; while the smallest apex had a minor axis of 
85 p, a major axis of 126 », and a height of 33 pz. 

If it is assumed that the apex is half an ellipsoid (Ball 1941), the above 
measurements lend themselves to volumetric computation. Using the for- 


/ y/2 4/2 
4/3n(W 2) (Ls a cigyys 





mula for the volume of half an ellipsoid, 


designates the minor axis, ‘‘L’’ the major axis, and ‘‘H’’ the height, the 
volume can be ascertained. The volume at maximum may be approximately 
seven times that at minimum (Table 1, shoot apices 1 and 3 respectively). 
There seems to be a correlation between the increase in volume of the apex 
and the height of the first and second pair of leaves, L-1 and L-2, as shown 
in Table 1. 


TABLE 1. Data on the shoot apex during a cycle 











Dimensions of Apex 


Height of Height of 


Shoot Volume Minor Major 





- Ts . 
Apex (x 1053) i-t (in LZ (in Axis Axis cele 
microns ) mucrons ) 
(in microns) 
l 13.7 95 800 162 174 93 
2 4.5 foliar 240 126 150 45 
buttress 
3 1.9 foliar 255 85 126 33 
buttress 
4 5.8 25 400 137 156 52 
5 6.4 50 600 125 161 59 
6 11.2 74 660 153 168 83 





Note the general correlation between the volume of the shoot apex, the height of the 
youngest pair of leaves (L-1), and the height of the second youngest pair of leaves (L-2). 
Shoot apices 1-6 represent figures 1-6 respectively. (The apices used in this table termi- 
nated lateral branches 11—15 em. in length.) 

Concurrent with the cyclical change in volume of the apex, there 
occurs a reorientation of the major and minor axes. When the volume is at 
maximum, the major axis is parallel to the face of the youngest pair of leaf 
primordia. During the initiation and growth of the next pair of foliar but- 
tresses and leaf primordia, both the major and minor axes are shortened 
and the minimum volume for the cycle is reached. Further growth increases 
the apical volume and lengthens both axes, but now the major axes is in the 
plane of the former minor axis while the minor axis is in the plane of the 
former major axis. This rotation of the major and minor axis through 90 
degrees results momentarily in the formation of a circular apical base. 
When the apex has regained its elliptical base and maximum volume, a pair 
of foliar buttresses are produced at the expense of the major axis. 
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Tunica-Corpus of the vegetative apex. Topographically, the vegeta- 
tive apex consists of a cuticle approximately 0.5 » thick, a biseriate tunica, 
and a corpus (figs. 10, 11). 

The outer layer of the tunica, henceforth designated as T-1, is approxi- 
mately 7» in thickness. It is composed of genetically related cells which 
undergo only anticlinal division, thereby increasing the surface area of the 
shoot apex. These cells are destined to give rise to the epidermis of leaf 
and stem. Cytologically the cells of T-1 are thin-walled, nearly isodiametric, 
and have densely staining, ‘‘non-vacuolate’’ cytoplasm. The nucleus, con- 
taining one or occasionally two highly refractive nucleoli, occupies about 
one-half of the cell volume. 

The second tunica layer, T-2, is centripetal to T-1 (figs. 10, 11). It also 
is about 7 thick and has thin-walled, approximately isodiametric cells 
with staining properties identical to those of T-1. Cell division is anticlinal 
except at the time of leaf initiation, when periclinal divisions occur near 
the base of the shoot apex. 

The corpus, which forms the bulk of the shoot apex, underlies the bi- 
seriate tunica and, as in other angiosperms, is characterized by growth in 
volume. Cell divisions occur in all planes. There may be considerable strati- 
fication, however, in the outer part of the corpus (fig. 10). The first layer 
directly centripetal to T-2 will be referred to as C-1 and the second as C-2 
although these are not discrete in the strict sense of the term. The cells of 
the corpus resemble those of the tunica in being approximately isodiametric 
and in having thin walls, dense cytoplasm, large nuclei and prominent 
nucleoli. Evidence for zonation in the corpus, based upon cell size, cell con- 
tents, wall thickness, or staining properties, seems to be entirely lacking. 








Fies. 1-21. Figs. 1-6. Longisections through six shoot apices arranged to show 
volume changes of apex during a plastochrone. Figure 1 is at maximum volume and 
figure 3 at minimum volume. x 88. Fic. 7. Young leaf primordium in longisection; PC, 
procambium. x 266. Fic. 8. Leaf primérdium in longisection showing procambial strand 
PC, and subapical initials, SI. x 367. Fies. 9-9a. Drawings from two consecutive longi- 
tudinal sections through shoot apex showing early differentiation of procambial strand, 
PC, before leaf primordium which it is to supply has been elevated. x 367. Fig. 10. 
Shoot apex immediately after minimum volume has been attained; note stratification in 
corpus, C, T1 and T2, tunica; LI, first leaf. x377. Fic. 11. Shoot apex at maximum 
volume, note that the stratification seen in apex at near minimum volume (fig. 10) has 
been disrupted. x 377. Figs. 12-19. Transections showing decussate arrangement of leaf 
primordia, L1 and L2, and shoot apex, SA, near minimum volume, drawn at 6 inter- 
vals. x 40. Fig. 20. Transection through leaf showing submarginal initial, SMJ, note that 
the original initial had divided tangentially to the edge of the leaf thereby adding a cell 
to the middle mesophyll and forming the new initial, SMI; AB, abaxial surface. x 367. 
Fig. 21. Transection through leaf showing the submarginal initial, SMI, adding a cell 
to the lower mesophyll, note that a cell, FC, to the left of the SMI has divided tan- 
gentially to the surface thereby doubling the original upper mesophyll layer. x 367. 
Legends; FB, foliar buttress; L1, first leaf primordium; L2, second leaf primordium; 
SI, subapical initials; PC, proeambium; T1 and T2, first and second tunica layers; C, 
corpus; SA, shoot apex; SMI, submarginal initials; and AB, abaxial surface of leaf. 
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The organization of the corpus varies with the stage in the plastochrone 
eycle at which the apex is observed. For example, the corpus of an apex at 
or near minimum volume is highly stratified and is composed of a rela- 
tively shallow cap, generally not more than 3 to 6 cells deep (fig. 10). The 
outer part is stratified into C-1, C-2, and occasionally C-3, while the inner 
cells are not arranged in a definite pattern. As the apex increases in volume, 
anticlinal, periclinal, and oblique divisions occur throughout the corpus, 
thereby disrupting the stratification noted at minimum volume (fig. 11). 

Short files of rib meristem may appear in the base of the shoot apex 
above the first pair of leaf primordia. The best display, however, is seen in 
the internodes below. 

The pith, vascular system, and most of the cortex of the axis are de- 
rived from the corpus. In the leaf, however, T-2 appears to make a greater 
contribution to the vascular tissue than does C-1. 

Axillary branches. Axillary branches in the variety Joan Marie are 
arranged in four ranks with a single bud at each node. Since only one leaf 
axil of each pair of leaves bears a branch, it is obvious that branch arrange- 
ment cannot be described in terms of the 4 phyllotaxis found in Dianthus. 
[t would seem appropriate therefore to use the term cladotaxis here for 
indicating branch arrangement. Accordingly the variety Joan Marie pos- 
sesses a } cladotaxis which may be.either clockwise or counter-clockwise. 
No exception to this arrangement was found in our material of this va- 
riety. 

Histologically, the earliest indication of axillary bud formation can be 
found in association with the next to youngest pair of leaf primordia. This 








Figs. 22-36. Fig. 22. Transection through stem at level of leaf axil showing early 
stage in axillary bud initiation as recognized by a slight bulge and cellular alignment re- 
sulting from periclinal divisions. x 533. Fie. 23. Young branch primordium cut longi- 
tudinally in plane perpendicular to parent stem. x 130. Fie. 24. Branch primordium 
corresponding to that in figure 23 but cut tangentially to parent axis. x 130. Fie. 25. 
Branch primordium in advance stage of development before leaf primordia have been 
initiated. x 130. Fie. 26. Longisection of young branch primordium in axil subtending 
leaf, SL; note periclinal division in second tunica layer; VB, edge of median vein of 
subtending leaf, SL. x 540. Fie. 27. Transection of stem below node, note that the vas- 
cular tissues are disposed roughly in four tracts; LT, leaf trace. x18. Fie. 28. Longi- 
section of branch primordium showing elevation of first pair of leaf primordia (pro- 
phylis), Z1. x 130. Fie. 29. Transection through parent axis showing base of branch, 
B, and subtending leaf, SL, note two prominent branch traces, T, and stippled ares of 
procambium. x72. Fiaés. 30, 31, 32. Longisections taken 7 mm., 5 mm. and 0.3 mm, re- 
spectively from the base of a leaf 15 mm. long. Note that maturation is basipetal; AD, 
adaxial surface; GC, guard cell; SMC, stomatal mother cell; PC, procambium which 
will produce a transverse vein connecting the parallel veins of the leaf. x 370. Fiqs. 33, 
34, 35, 36. Longisections cut tangential to surface of a leaf 14 mm. long for stages in 
stomatal development. Fig. 35. Epidermal cells from near base of leaf, daughter cells 
are approximately equal in size. x 550. Fie. 33. Section taken 3000 y above base of leaf, 
note that stomatal mother cells, SMC, have arisen from unequal division of epidermal 
cells. X 567. Fig. 36, Section cut 4000 » above base of leaf. 
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is recognized by scattered periclinal divisions in the subsurface layers of 
the parent axis immediately above the leaf axil. In plants having a } clado- 
taxis only one bud would develop at a given node and furthermore the 
axil in which bud growth would continue would be four nodes above the 
last bud produced in that rank. On the contrary bud growth in the opposite 
axil would not continue but the nearest bud in this rank would be two 
nodes below. This is precisely what happens and the position of the develop- 
ing bud is soon marked by a small lateral bulge (figs. 22, 26). Growth in 
the opposite axil, beyond the initiating periclinal divisions, was not found 
in the variety Joan Marie. 

Meristematic activity builds the familiar shell zone of flattened cells 
seen in the development of axillary buds.-This zone, however, is not as dis- 
tinct as that reported by Garrison for Syringa (1949a). Transections 
through the young bud show it to consist of a lenticular core of meri- 
stematic tissue flattened parallel to the surface of the parent axis and ex- 
tending from immediately above the leaf gap into the slight bulge at the 
surface. This bulge (figs. 22 and 26) expands acropetally to become a 
mound-shaped branch primordium which is likewise flattened between the 
parent axis and the subtending leaf (figs. 23, 24, 25, and 29). 

The first pair of foliar buttresses appear when the axillary branch 
primordium is about 100 » high (fig. 28). They are always oriented at right 
angles to the subtending leaf and give rise to a pair of prophylls. Subse- 
quent leaves are arranged in the usual decussate phyllotaxis. 

The axillary shoot apex, during the course of a plastochrone, follows 
essentially the same developmental pattern described for the vegetative 
apex of branches 4 to 20 em. in length. However, its volume increases until 
five to six plastochrones have been produced and the longest leaves are 
4 em. long. 

Histologically, there is no discernible difference between young and 
older vegetative apices. A two-layered tunica is present in the early stages 
of axillary bud development long before the first foliar buttress is differen- 
tiated. The corpus, as in the older vegetative apex, shows no evidence of 
zonation ; cell size, cell wall thickness, vacuolation, and staining properties 
are highly uniform throughout. 

Difficulty was experienced in determining the precise course of procam- 
bialization. Branch and leaf gaps are continuous and only a few cells sep- 
arate the procambium of the parent axis from the meristematic tissue of 
the axillary bud. Early in the development of the bud, two procambial 
strands bridge this short distance. They appear to differentiate acropetally 
and eventually become the midribs of the prophylls of the first node. Sub- 
sequently, these traces are incorporated into the cylinder of procambium 
of the branch axis (fig. 29 ¢). 
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The protophloem differentiates before the protoxylem. The direction of 
differentiation is acropetal from the phloem of the parent axis into the two 
branch traces and prophylls. The protoxylem differentiates bidirectionally, 
i.e. (a) basipetally from a center slightly below the first node of the branch 
into the branch traces until connection is made with the xylem of the 
parent axis, and (b) acropetally into the prophylls. 

The vascular system of an axillary branch of the parent axis, as seen 
in transverse section, consists of four opposed ares or tracts tied together 
by an active cambium and its derivatives (fig. 27). Each of the ares repre- 
sents the vascular supply of one of the ranks into which the leaves are dis- 
posed. Below each node the central part of the are (fig. 27, lt.) ‘separates’ 
from the edges and ‘passes upward’ into the leaf. The edges of the are 
continue distally as rather discrete bundles. They broaden tangentially and 
shortly unite, thereby closing the combined leaf and branch gap. The re- 
sulting broad, common stand passed up to the next node in the rank where 
it gives off another leaf trace. The vascular supply throughout the rank 
may be visualized as a trough-shaped tract with a series of centrally placed, 
superimposed gaps subtended by departing leaf traces. Thus, the leaves of 
a given rank are closely tied together. Likewise, the axillary buds, with 
their basal traces joined at the edge of the leaf gap, are in close contact 
with the vascular system of the parent axis. This may be of significance in 
determining bud arrangement. 

There is considerable variation in axillary bud arrangement in the va- 
rieties of Dianthus caryophyllus. For instance, in the variety Maytime, from 
which a crop of flowers had been harvested, occasional branches developed 
in both leaf axils at the first node below the cut. In such instances, the 
larger bud occupied the expected position in the usual four ranked ar- 
rangement. Twenty strong branches of this variety were dissected for axil- 
lary buds of branch primordia, henceforth referred to as buds. In nineteen 
of these two buds were found ‘at the first node counting upward from the 
base of the branch, but only one had two buds at the second node. Further- 
more, three had two buds at the third node, one had two at the fourth and 
five had two at the fifth. Instances of two buds at a node above the fifth 
node were not observed. It should be emphasized that the buds at nodes 1, 
3, and 5 lie in the ranks founded upon the first node of the branch and 
that in the twenty plants studied these nodes bore two buds more frequently 
than the nodes in the other two ranks. This is probably not without signifi- 
cance since the odd numbered nodes (1, 3, and 5 here) are in the ranks 
which were early connected through the branch traces with the vascular 
system of the parent axis. It was noted also that when a node bore two 
buds, one bud was generally larger than the other and the larger usually 
occupied the expected position in the 4 cladotaxis. Occasionally, a branch 
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occurred at the expected node but not in the expected rank; rather, it was 
in the opposite rank and from that point on the cladotaxie spiral was re- 
versed. 

Another interesting variation was found in the variety Atlas, which 
produced two buds at several of the nodes below a flower. In one hundred 
and twenty-four plants examined, 87 per cent had two buds at the first 
node below the flower, 98 per cent had two at the second, 81 per cent had 
two at the third, and 30 per cent had two at the fourth. Below this level, 
the 4 cladotaxis prevailed. However, in a comparable planting of the va- 
riety Jupiter, less than 3 per cent of the plants had two branches at the 
first, third, and fourth nodes below the flower while 10 per cent had two 
at the second node. 

Mature leaf. The mature, grass-like carnation leaf ranges from 2-13 em. 
in height, 3-7 mm. in width and approximately 400, in thickness, except 
at the midrib where it may be nearer 650 p. 

The blade consists of a heavily cutinized upper and lower epidermis, 
two upper and one to two lower palisade layers, and four to six layers of 
middle mesophyll traversed by parallel veins and numerous transverse or 
oblique connecting veins. Guard cells, present in both epidermal layers, 
are lacking in the adaxial surface near the base of the blade. Druse-contain- 
ing idioblasts occur occasionally in the mesophyll of blade and sheath. The 
sheath is relatively less differentiated than the blade. Palisade cells are 
absent; intercellular spaces are small; and stomata are not found in the 
adaxial surface although they do occur in the epidermis of the stem which 
is closely enveloped by the sheath. 

Origin and growth of the leaf primordium to 90 microns in height. 
When the apex approaches maximum volume it is generally possible to 
demonstrate the presence of two procambial strands extending from the 
procambium of the axis to C-2 or even C-1 towards the position of the next 
pair of foliar buttresses (figs. 9 and 9a). These are the traces to the next 
pair of putative leaf primordia and are considered here to be the first indi- 
cation of leaf initiation. Shortly thereafter, periclinal and oblique div'- 
sions appear in T-2 and C-1 at both ends of the elliptical base of the shoot 
apex. Now the foliar buttresses, through lateral and acropetal expansion, 
are extended beyond the contour of the apex. This is correlated with an 
increase in anticlinal divisions in T-1 and with further periclinal and 
oblique divisions in T-2, C-1 and to some extent in C-2. Subsequently cellu- 
lar stratification, parallel to the long axis of the shoot, is established within 
the foliar buttresses. Derivatives from a terminal group of initials in T-2, 
centrad to the foliar buttresses, together with interecalary growth elevate 
the leaf primordia (fig. 7). 

Primordia 50 » in height are crescent-shaped in transverse section while 
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at 90 » they have become broadly trough-shaped and flexed in the direc- 
tion of the shoot apex (fig. 8). Growth beyond this stage is largely in length 
and width. The primordia, exclusive of the procambial strands, are now 
some nine cells in thickness at the base and seven to eight cells in thickness 
at the midpoint. In view of the fact that the mature leaf is eleven to twelve 
eells in thickness, only two to four more divisions periclinal to the surface 
can be expected. Early contributions to length are made by a group of sub- 
apical initials (fig. 8, si) and by mitotic activity throughout the primor- 
dium; later, the major contribution in length is made by a conspicuous 
plate meristem. Increase in width is initiated by submarginal initials 
extending throughout the length of the primordium and is supplemented 
by derivatives from the plate meristem. 

Foliar development beyond a height of 90 microns. The simple, en- 
tire, sessile carnation leaf offers few criteria for demarking stages in its 
development other than in height. Since height varies with the position of 
the leaf on the plant and is influenced by environment, it was thought best 
to describe foliar development beyond a height of 90 » in terms of the con- 
tribution made by the subapical initials, the submarginal initials, and the 
plate meristem together with procambialization, vascularization and differ- 
entiation of the mesophyll and epidermis. 

Subapical initials. These are established at the tip of the primordia as 
an active meristematic cap of cells by the time a height of 90» has been 
reached (fig. 8, si). Divisions are largely periclinal to the tip of the primor- 
dia. Meristematie activity is completed when a height of 2 mm. is ap- 
proached. 

Submarginal initials. These extend throughout the length of the primor- 
dia in both edges. Their activity can generally be recognized by the time the 
primordia are 50, in height. Divisions are periclinal, anticlinal, and ob- 
lique but could not be demonstrated to occur in any regular sequence. The 
edges of the leaf are extended’ by: anticlinal and anticlinal-oblique divisions 
(to the surface) which add to the adaxial and abaxial layers of the meso- 
phyll (fig. 21, smi) and by periclinal divisions (to the edge) which add to 
the middle mesophyll (fig. 20, smi). Usually the cells flanking the submar- 
ginal initials divide periclinally to the surface and thus increase the thick- 
ness of the mesophyll (fig. 21, fe). The adaxial subsurface layer shows more 
frequent periclinal divisions than the corresponding abaxial layer and 
hence makes a greater contribution to the mesophyll. Meristematic activity 
of the submarginal initials is completed in a progressive basipetal sequence. 

Plate meristem. Growth attributable to a plate meristem was not ob- 
served until the primordia were 190 » to 500 » high. Divisions periclinal to 
the tip predominate so that the length of the mature leaf, depending upon 
its position on the plant, may be as much as 20 or more times the breadth. 
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With the completion of subapical activity in the 2 mm. leaf, there also 
occurs a cessation of submarginal and plate meristem activity in the apical 
region and as the leaf continues to elongate, these meristems are restricted 
to its basal portion. The basal leaves (prophylls) of a branch have gen- 
erally completed basal growth when 1 em. in length but the upper leaves 
may continue to show meristematic activity in the basal region when 4 or 
more centimeters in length. 

Procambialization. The early differentiation of the procambial strand 
in the foliar buttress has been described in the section on the origin of the 
foliar primordia. In the second pair of primordia, especially if they have 
attained a height of from 500 » to 700 », two prominent lateral procambial 
strands are differentiated acropetally into the leaf apex and basipetally 
into the leaf base where they end blindly in the plate meristem. An ocea- 
sional transverse strand, which has differentiated from the middle meso- 
phyll, connects the laterals with the central strand. In the third pair of 
leaves, when approximately 2 mm. high, the two lateral procambial strands 
differentiate obliquely toward and finally join the central strand. Adult 
leaves generally have as many as 32 additional lateral veins with frequent 
transverse connecting strands. The pattern of procambial differentiation in 
these may be either bidirectional or basipetal. 

Vascularization. In general, the first elements of the protophloem are 
differentiated in the second pair of leaves. Critical examination of 15 shoots 
showed this to be true in 12 cases, in the other three no sign of protophloem 
differentiation was evident in the second pair of leaves. The direction of 
differentiation is acropetal from mature phloem below. This may be illus- 
trated by two examples. In one instance a group of sieve tubes was found 
on each side of the leaf gap of a 3 mm. leaf situated directly beneath a leaf 
primordium 150. in height. From each of these groups a sieve tube had 
differentiated acropetally for a distance of 40, toward the 150, leaf 
primordium. In the second instance, sieve elements had differentiated 80 » 
from a similar position toward a 270 » primordium when a break oceurred. 
Above this break, sieve elements continued for 150» into the primordium. 

The critical stage for protoxylem differentiation is to be sought in the 
traces to the third pair of leaves. In 29 of 30 branches examined, lignifica- 
tion was clearly evident in the third pair of leaves but in no instance was 
it found in the second pair. Once protoxylem differentiation is initiated it 
spreads rapidly throughout the trace so that difficulty is experienced in 
locating the precise point of origin. There is, however, sufficient evidence to 
indicate that differentiation is generally bidirectional from a center near 
the base of the leaf. For example, it can usually be demonstrated that there 
are a few more lignified elements at or immediately below the level where 
the leaf is attached to the stem than at other levels in the trace. Further- 
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more it was possible to follow the protoxylem of the trace to the third leaf 
into the third internode where it ended blindly. In slightly older leaves 
mature protoxylem of the leaf trace and of the axis were continuous. In 
the leaf proper, instances of basipetal protoxylem differentiation were found 
in the lateral veins. Veins connecting two lateral veins frequently showed 
the maturation of the xylem progressing toward each vein. 

Mesophyll. The mesophyll is derived from the plate meristem and the 
submarginal initials. The overall pattern of cellular differentiation and 
maturation is basipetal. This is readily demonstrated in mature leaves about 
1.5 em. in length where the basal region is completely meristematic (fig. 32). 
Midway up these leaves the cells are noticeably larger, stomatal mother cells 
have differentiated, and there are numerous small intercellular spaces (fig. 
31). In the distal portion, the intercellular spaces have increased in size, 
the stomatal units are nearly mature (fig. 30), and the differentiation of 
the palisade cells will soon be evident. Among the last cell types to undergo 
differentiation and maturation are bands of vein-associated fibers, one to 
three cells in depth. In transverse section these are seen in the form of a 
U-shaped band below the phloem of the midvein and about 10 cells removed 
from the sieve elements. They also differentiate in the form of a flat or 
arched band beneath the two main lateral veins and one or two of the other 
more prominent laterals. Differentiation is bidirectional and is to be sought 
above the middle of leaves about 1 em. in length. 

Druse-containing cells are found in the mesophyll. They oceur in greatest 
concentration immediately adjacent to and below the fibers. 

Mitotie figures were scarce in our material and it was difficult to ascer- 
tain the precise pattern in which cell division was completed. On the basis 
of indirect evidence, the epidermis appeared to be the first to cease division, 
followed in turn by the spongy mesophyll and finally by the palisade meso- 
phyll. A rather constant exception to this sequence was found in the spongy 
mesophyll where divisions giving rise to interveinal procambium continued 
to maturity of the leaf. 

Epidermis. The epidermis remains uniseriate throughout the ontogeny 
of the leaf; its cells divide either in a plane at right angles to, or parallel 
to, the long axis of the leaf. These divisions normally result in daughter 
cells of equal size (fig. 35). While the epidermal cells are apparently the 
first to stop dividing, they are the last to cease elongating. Maturation is 
basipetal. 

The carnation is very favorable for demonstrating stages in stomatal 
development. The onset of stomatal initiation is marked by the appearance 
of unequal divisions in the epidermal cells near the tips of young leaves 
ranging from 650 to 1300 » in height and may be observed in the basal por- 
tion (650 to 1300 ») of larger but still immature leaves. This unequal divi- 
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sion is in a plane at right angles to the long axis of the leaf and results in 
a small, lenticular, distal stomatal mother-cell and a larger basal cell (fig. 
33). The stomatal mother-cell increases in size and becomes spherical to 
elipsoidal in shape (fig. 36). Division in a plane parallel to the long axis 
of the leaf produces the immature guard cells (figs. 34, 36). This stage oe- 
curred near the apex of leaves 2000 to 4000 » high or above the base (2000 
to 4000 ») of taller leaves. In three instances, a deviation from the normal 
pattern of guard cell formation was observed, when one of the guard cells 
divided transversely forming a stomatal unit consisting of a normal guard 
cell and two ‘“‘half-sized’’ guard cells. 

Discussion. Histological research on the angiospermous shoot apex has 
»roduced a voluminous literature much of which has been reviewed by Fos- 
ter (1939, 1941), Philipson (1949, 1954), Popham (1951), and Gifford 
(1954). It is evident that a more uniform concept as to what constitutes the 
shoot apex would be helpful in providing comparable data as to shape, 
dimensions, and zonal patterns. Restricting the apex to the free part above 
the youngest leaf primordium accomplishes this except in more or less flat- 
topped apices where much of the surface is involved in the production of 
leaf primordia. These are difficult to fit into any scheme for comparable 
measurements since the corpus may actually lie below the axil of the 
youngest leaf primordium and the ‘‘sunken apex’’ must be delimited by 
such criteria as cell enlargement, vacuolation, mitotic activity, and differ- 
ential staining. 

Popham (1951) has wisely stressed similarity in apical structure 
throughout vascular plants. According to his classification Dianthus caryo- 
phyllus would be included in Type VII, the usual angiospermous type. 
There is no histological evidence in the material examined in this study for 
zoning the apex of Dianthus into mantle, subapical initials, central meri- 
stem and peripheral meristem as proposed for Type VII. Accordingly we 
have chosen to use the tunica-corpus concept in our descriptions. Admittedly 
many instances are now on record where real difficulty is experienced in 
distinguishing between tunica and corpus (Reeve 1948, Gifford 1950, and 
Popham and Chan 1950). Even so, the concept of growth in area as con- 
trasted with growth in volume has been and still is extremely useful. 

Surely it is recognized by this time that shoot apices have a central 
initiating core, composed of surface and sub-surface initials, of varying 
depth from which the primary tissues are ultimately derived. When histo- 
logical differences warrant the separation of the initiating core and its 
derivatives into zones, the overall pattern of growth can still be profitably 
described in terms of growth in area vs. growth in volume. Some apices 
requiring this treatment are Liriodendron (Millington and Gunckel 1950) ; 
certain members of the Rosaceae (Rouffa and Gunckel 1951) and of the 
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woody Ranales (Gifford 1950) ; Chrysanthemum morifolium (Popham and 
Chan 1950); Laurus nobilis (Kasapligil 1951); several species reviewed 
by Philipson (1949), and others described by Majumdar (1942) and Mitra 
and Majumdar (1952). Apparently much exploratory work must be done 
before the full range of apical structure in the angiosperms can be appre- 
ciated and typed. 

The impression is gained from the literature that, especially in oppo- 
site leaved plants, the change from maximum to minimum area (volume) of 
an apex is very abrupt and coincides with the time at which the foliar 
buttresses or leaf primordia can first be recognized. The apex in Dianthus, 
however, continues to contribute to the foliar buttresses after they become 
distinct, thus the change from maximum to minimum volume is a gradual 
one. It would be of interest to know whether this occurs in other opposite 
leaved plants. In Dianthus caryophyllus, and probably in most spermato- 
phytes, the most reliable comparisons and correlations result from com- 
paring growth stages of the apex or of young leaves with the volume in- 
stead of the basal area of the apex. Once the volumetric pattern is known 
for a species, volume of the apex becomes extremely useful as a tool in 
comparative studies. Care should be exercised in distinguishing between 
volume of the apex and that of one or more foliar buttresses often included 
in such comparisons. Schnaubel for example (1941), in a careful study on 
Dianthus caryophyllus and three other genera, has presented measurements 
and graphs showing that the height and width of the ‘‘ Vegetationspunkt’’ 
increases during two plastochrons. Actually the apex has passed through 
two cycles of volume change which are masked in his measurements because 
they include the increase in breadth of the third node and height of the 
axis during the two plastochrons. 

The perplexing problem of whether the foliar procambial strand is dif- 
ferentiated before or after the initiation of the leaf primordium has been 
discussed by Ball (1949). In Lupinus (Ball 1949) the leaf primordium is 
elevated and then the procambium differentiates basipetally into the axis. 
Conversely, in the carnation the median procambial strand is differentiated 
before the primordium which it is to supply is recognizable. This early dif- 
ferentiation of procambium is being reported for an increasing number of 
plants (Sterling 1945, Guneckel and Wetmore 1946, Esau 1953). No evi- 
dence was found in Dianthus in support of basipetal procambial develop- 
ment which Ball believes is of more frequent occurrence than is generally 
realized. Our figures 9 and 9a suggest that procambial differentiation may 
have been acropetal, but the strands are too far advanced for conclusive 
proof. Once procambialization is instituted, it proceeds so rapidly that dif- 
ficulty is experienced in obtaining material showing definite stages in sup- 
port of either acropetal or basipetal differentiation. 
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The adaxial meristem, which plays a prominent role in the development 
of the petiole and midrib in many leaves, is lacking in Dianthus (Avery 
1933, Foster 1935). 

The strongly developed plate meristem contributing primarily to the 
length of the leaf, and the wave of maturation which sweeps down from the 
tip of the leaf, is reminiscent of grasses (Sharman 1942). In fact, the plate 
meristem in carnation may well be thought of as a basal or intercalary 
meristem, as it is frequently designated in grasses. 

Modern studies in the development of the shoot show that an extremely 
close relationship exists between the foliar buttresses and the axis. They 
also point up the difficulties involved in attempting to isolate leaf and axis 
as discrete units. This is readily seen to be the case in Dianthus where two 
or three pairs of foliar buttresses are produced in rapid succession without 
evident internodes. Later, growth at the base of the foliar buttresses gives 
rise to the internode. Mitra and Majumdar (1952), report a similar condi- 
tion in 14 species of dicotyledons and believe that the shoot axis is com- 
posed of an axial core surrounded by a mantle of leaf bases. The mantle- 
core theory has appeared in the literature under various guises ( Hofmeis- 
ter 1851, Potonie 1902, Saunders 1922). Of the problems which have beset 
this theory, one has been the radial delimitation of the mantle. Mitra and 
Majumdar would solve this difficulty by the recognition of two histogens 
in the apex. They report that in some of the dicotyledons which they have 
studied there is evident zonation as follows: ‘‘a zone each of the central 
mother initials, the flank meristem and the file meristem (the last is de- 
rived exclusively from the corpus cells).’’ The file and flank meristems 
arise from the central mother initials. The flank meristem, in turn, pro- 
duces the mantle and the file meristem initiates axial core or pith. Thus, 
according to these authors ‘‘the radial extent of the mantle appears to 
extend up to the pith as suggested by Hofmeister.’’ Histogen theories, when 
applied to the shoot apex have fared badly because of the irregularity of 
cell lineage or lack of discreteness in the required zonation. We, therefore, 
question the wisdom of determining the radial extent of the mantle on the 
basis of origin from the apex. Perhaps, morphologists should heed the sage 
advice of Agnes Arber (1930) who states in concluding a discussion on 
this problem: ‘‘If we once accept the fact that ‘stem’ and ‘leaf’ are no 
more than convenient terms, which should not be placed in antithesis as if 
they corresponded to sharply opposed morphological categories, the prob- 
lems of their delimitation and of their differentiating characters vanish 
into thin air.”’ 

The origin and development of axillary buds in the angiosperms are 
apparently in need of further critical study (Garrison 1949a, 1949b and 
Gifford 1951). The principal problems center about the degree of isolation 
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of the bud meristem from the shoot apex and procambium of the parent 
axis and also the direction of procambialization between bud and parent 
axis. Our observations on Dianthus contribute little to either of these prob- 
lems other than to emphasize the difficulty of their solution. Procambializa- 
tion appears to be acropetal from the parent axis into the axillary bud. 
However, it was impossible to demonstrate the presence of meristematic 
traces which could be considered as the forerunners of the procambium as 
have been described in Syringa, Betula and Euptelea (Garrison 1949a, 
1949b). 

It is of interest, to note in Dianthus, that while the leaves are decussate, 
the buds tend to be arranged in a } cladotaxis. The question immediately 
arises as to why a bud is not developed in each leaf axil as has been de- 
scribed for Phlox by Miller and Wetmore (1946) and for Syringa by Gar- 
rison (1949a). Physiological conditions must be favorable for the develop- 
ment of buds in both leaf axils of a node in Phlox and Syringa but 
apparently such is not generally the case in Dianthus. Can it be that a de- 
veloping bud diverts essential metabolites to such an extent that they are 
no longer in sufficient supply for the development of a bud in the leaf axil 
immediately above? The } cladotaxis would suggest that this might be a 
possibility. Also, when two buds develop at two consecutive nodes a strong 
bud develops above a weak one and conversely a weak bud occurs above a 
strong one. 

This hypothesis might be tested further by determining the number of 
buds at the first node of a branch. Since the first node is early attached to 
the parent axis by two traces, we might expect a bud in both leaf axils. 
Not only does this frequently occur, but occasionally two buds were found 
at nodes 3 and 5 which are intimately connected with the traces of the first 
node. If this reasoning is correct the rarity of buds in both axils of the 
second node becomes significant in view of the fact that this node is not 
connected so early or so directly to the parent axis. These observations 
would suggest that existing buds may have a role in determining the size 
of subsequent buds and likewise the pattern of bud arrangement. The re- 
versal of bud arrangement from clockwise to counterclockwise can hardly 
be explained by this hypothesis, for then a strong bud develops immediately 
above an equally strong bud. Likewise, the production of a bud in each 
axil for several nodes below a flower bud in the variety, Jupiter, requires 
expvlanation. The variation in bud arrangement in Dianthus merits further 
study. It is hoped that experimental studies will throw light on some of the 
problems raised in this account. 


SUMMARY 


1. The dome-shaped shoot apex of Dianthus caryophyllus L. consists of 
a two-layered tunica and a corpus. The outer portion of the corpus shows 
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considerable stratification especially when the apex is at minimum volume. 
No other zonation is apparent. 

2. During a plastochrone the apex passes from a maximum, gradually 
to a minimum and back to a maximum volume. 

3. Proeambium can be traced to the base of a putative leaf primordium. 

4. Apical growth in the leaf ceases by the time a height of 2 mm. is 
reached. 

5. Submarginal activity begins when the leaf is approximately 90 » high. 
Plate meristem activity begins when the leaf is about 190 » high and during 
the basal maturation of the tissues is confined to the leaf base much as the 
basal meristem of grass leaves. 

6. Stomatal development is described. There are no accessory cells. 

7. Initial phloem differentiation is acropetal; differentiation of the first 
xylem elements in a midtrace is bidirectional from near the base of the third 
leaf. Subsequent maturation of vascular elements is bidirectional or basi- 
petal. Two phloem strands differentiate toward a given leaf. These outline 
the leaf-branch gap of the leaf two plastochrons below before converging 
into a single strand which enters the leaf. 

8. Axillary buds are arranged in a } cladotaxis, their initiation and de- 
velopment is described. An hypothesis is suggested which may help in aec- 
counting for their arrangement. 

DEPARTMENT OF BroLoay, UNIVERSITY OF COLORADO 

BouULDER, COLORADO 
DEPARTMENT OF Botany, RutTGerRs. THE STATE UNIVERSITY OF NEW JER- 
SEY 
New Brunswick, NEw JERSEY 
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A SPECIES OF GRASS WITH LIQUID ENDOSPERM 
WaLTER V. BRowN 


At maturity the grain or caryopsis of almost all species of grass loses 
water and becomes dry and hard. The embryo, seed coats, and endosperm 
lose water until they reach an equilibrium with their particular environ- 
ment which, under conditions of dry storage, is about five to ten per cent of 
free moisture. In such a hard, dry condition the seeds of most grasses will 
remain viable, under the best storage conditions, up to about 20 years. The 
endosperm in such grains is cellular with the cells packed with starch grains 
or, in some cases, Sugars or dextrin. There is some question whether such 
endosperm cells are alive or dead; most evidence indicates that they are 
dead. 

A unique endosperm condition was recently found in the monotypic 
winter annual grass Limnodea arkansana (Nutt.) L. H. Dewey of south- 
central United States. When grains of this species, collected in May 1954, 
near Austin, Texas, were examined seven months later they were found to 
have liquid endosperm. The ‘‘seed coats’’ form a tough, pliable sae full, 
but not to turgidity, of liquid. Normally, the grain is enclosed in and re- 
mains within the spikelet structures until germination. The very hard 
glumes and the lemma protect the grain during this period of dormancy. 
The caryopsis itself is about 2 mm. long and weighs about one-third of a 
milligram. 

When the tough ‘‘seed coat’’ is punctured or burst by pressure the 
thick, whitish endosperm extrudes. When put in water the endosperm be- 
comes more solid, more opaque, and whiter. It is almost impossible to stir it 
into a homogeneous mixture, rather, it breaks up into small pieces like bits 
of cheese. There are two sizes of solid inclusions in the liquid, very small 
ones and much larger ones. Actually, the large ones are compound grains 
made up of the smaller type, but many of the small type are not incor- 
porated into large compound grains. Under the polarizing microscope the 
grains do not give the typical cross pattern of birefringence produced by 
ordinary starch grains (wheat starch and rice starch). Treatment with 0.01 
M iodine in .5 per cent potassium iodide solution changes these grains first 
to a reddish (magenta) color which later changes to violet or purple. This 
is similar to the reactions of rice and wheat starch when treated with this 
concentration of iodine. It is, therefore, assumed that these grains are com- 
posed of starch. Oil droplets of varying sizes are abundant. Since nitric 
acid turns it a pale yellow there is, apparently, some protein in this endo- 
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sperm. No cell walls nor remnants of walls were observed. Nuclei also were 
not seen when treated with acetocarmin, indicating that this endosperm is 
quite dead. 

Caryopses from an herbarium specimen collected in 1939 and, therefore, 
having been under hot, dry herbarium conditions for 15 years, still had 
liquid endosperm, and the grains appeared no different from the seven- 
months old grains originally examined. Grains about 50 years old (1902 and 
1913 collections) had a thick, pasty endosperm of cheesy consistency, and 
the caryopses were somewhat flattened. These specimens are on deposit in 
the herbarium of the University of Texas. 

It is difficult to determine the relative importance of the ‘‘seed coats’’ 
as opposed to the osmotic factors of the endosperm itself in maintaining 
the liquid condition during very dry storage for many years. It is more 
than likely that both play a part. That the endosperm itself holds its water 
very firmly was evident when 31 caryopses weighing 10.0 mg. were broken 
open and the endosperm foreed out into a tiny weighing dish. This was 
weighed again and placed in an oven at 70° C. In 24 hours, 0.3 mg. of 
water was lost, in three days 2.3 mg., and in five days constant weight was 
reached with 2.6 mg. of water lost. Even after three days the endosperm 
was still liquid. After five days the endosperm-covered seed coats were 
brittle and all extruded endosperm was dry. The seed coat itself permits 
the entrance of water, and germination takes place in a few days. The indi- 
cated water content of this endosperm is about 26 per cent, rather high for 
mature grains in dry storage. Since water leaves the endosperm with such 
difficulty, since the endosperm becomes white and opaque when put into 
water, and since it evidently contains protein, it is probable that this endo- 
sperm is colloidal in nature with included starch grains and oil droplets. 

As far as known, this is the only recorded species of grass with liquid 
endosperm. It is apparent that this condition has not been observed, or at 
least published, previously in this species. Miss Agnes Chase of the United 
States National Museum checked taxonomic treatments of the species and 
failed to find any reference to it. The observation was new to her personally. 
I thank her for her valuable help. 

THe PLANT RESEARCH INsTITUTE, THE UNIVERSITY OF TEXAS 

AustTIN, TEXAS 
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A TECHNIQUE FOR OBTAINING POLISHED SURFACES OF 
SECTIONS OF PYRITIZED PLANT FOSSILS 


CHARLES B. Becx?! 


Many plant fossils have been preserved as compressions. From such 
specimens much valuable information has been obtained, most of which 
pertains to external form. Frequently, however, small portions of the axes 
of compression fossils are found which have been structurally preserved 
by infiltration of iron disulphide (FeS.), commonly known as pyrite.’ 
Specimens thus preserved, which allow a study of both external form and 
internal structure, are of considerably greater value to the morphologist 
than those in which external form or internal structure alone can be studied. 
With both areas of information available, one can determine the taxonomic 
relationships of a plant with considerably greater ease and accuracy. 

Since pyrite is opaque, to study a pyritized fossil one must examine pol- 
ished surfaces with reflected light. Great difficulty is usually encountered in 
obtaining a polished surface of such a specimen because of the tendency for 
cut surfaces to crumble when grinding and polishing are attempted. This 
tendency is increased when a large amount of carbonaceous wall material 
is present. Furthermore, pyrite oxidizes rapidly when exposed to the at- 
mosphere, adding to the tendency to crumble. Because of these difficulties 
only a few workers have studied pyritized portions of axes in fossils pri- 
marily of a compression type. 

Banks (1944) demonstrated internal structure associated with compres- 
sions of the Devonian lycopod, Colpoderylon. The writer has been engaged 
in such a study and has been able to demonstrate excellent structural preser- 
vation in pyritized axes of compression material of another interesting 
Devonian plant. This work will be published subsequently. The most out- 
standing example of work in which internal structure was studied in a 
compression fossil, and which best illustrates the value of such a study, is 
that of Leclereq (1951). Leclereq was able to clarify the previously rather 
vaguely defined genus, Rachophyton, and showed conclusively that Racho- 





1 The writer wishes to express his appreciation to Prof. H. P. Banks for aid in the 
preparation of the manuscript. 

2 The orthorhombic form of FeS, is commonly called mareasite. It is usually difficult 
to distinguish with certainty from pyrite, the cubic form. However, marecasite is said to 
have a tin-white color and pyrite is assumed usually to be brass-yellow. There seems to 
be no useful reason for distinguishing between the two forms of FeS, in this paper. The 
application of the technique to be deseribed is identical for both forms. Therefore, the 
term, pyrite, will be used hereafter in this paper to include, when necessary, both forms 
of FeS.. 

286 

















, OF 


such 
vhich 

axes 
erved 
rite.” 
1 and 
logist 
idied. 


10mic 


e pol- 
‘ed in 
‘vy for 

This 
terial 
1e at- 
ulties 
S$ pri- 


ipres- 
gaged 
reser- 
esting 
t out- 

in a 
dy, is 
rather 
vacho- 


in the 


liffieult 
said to 
ems to 
er. The 
yre, the 
| forms 








1955 ] BECK: A TECHNIQUE OF PLANT PRESERVATION 287 


phyton is a zygopterid fern. Without a knowledge of the anatomy of this 
plant the conclusion that it is a coenopterid would have been less certain. 

The writer in studying pyritized axes of compressions has used a tech- 
nique which greatly facilitates the study of these axes. This technique is 
useful not only in studying pyritized axes in compression fossils, but also 
in studying fossils preserved in any other manner in pyrite, where there is 
a tendency for a cut surface of the specimen to crumble when polishing is 
attempted. 

Much fossil plant material structurally preserved by iron pyrite can be 
conveniently separated into two categories: That directly associated with 
compression specimens and that completely isolated from any specimen 
showing external morphology. Pyritized axes associated with compressions, 
as might be expected, usually show evidence of some compression and are 
oval-shaped in cross-sectional outline. The outer tissues seem usually to 
have been destroyed before or during preservation. Surrounding or partly 
surrounding the preserved portion of the axis there is, in many cases, a 
thin layer of dark, apparently carbonaceous material which probably con- 
sists of the decayed and compressed outer tissues. The cell walls of the pre- 
served tissues, especially the xylem and sclerenchyma are generally com- 
posed of carbonaceous material with pyrite filling the lumina of the cells. 
Because of the abundance of carbonaceous wall material present and the 
discontinuity of the pyrite, there is a great tendency for cut surfaces of 
such specimens to crumble when polishing is attempted. The type of speci- 
men described above is illustrated by figures 1, 5 and 6. Figures 5 and 6 





Fias. 1-2. Schematic drawings of two common types of fossil plants structurally 
preserved by pyrite. Fie. 1. This represents the type associated with compression speci- 
mens. The stippled area represents rock matrix; the black area represents the disin- 
tegrated and compressed outer tissues of the plant; the cross-hatched area represents the 
pyritized, structurally preserved portion of the plant. Fis. 5 and 6 are photographs of 
this type. Fia. 2. This represents the type preserved within a mass of pyrite, usually not 
associated with a compression. The stippled area represents rock matrix; the white area, 
pyrite; the cross-hatched area, the region of cellular preservation. Fie. 4 is a photo- 
graph of this type. 
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are photographs of transverse sections made from small portions of pyri- 
tized axes taken from a compression specimen like the one in figure 3. 

Isolated fragments of axes, unassociated with compression specimens, 
occur commonly. Such specimens may differ from the above described type 
by being completely embedded within a mass of pyrite. Such specimens may 
be found in pyrite nodules or concretionary masses, or in more or less con- 
tinuous beds of pyrite such as the ‘‘ Tully pyrite,’’ the Leicester member of 
the Moscow formation, of the Middle Devonian in western New York. Plant 
parts embedded in such masses of pyrite may or may not be compressed. 
Quite frequently all tissues are preserved. Furthermore, in some cases, the 
organic wall material seems to have been nearly completely replaced and 
anatomical structure is indicated only by a discoloration of the continuous 
mass of pyrite. In such eases, little or no difficulty is encountered in the 
process of polishing cut surfaces. When, however, the carbonaceous wall 
material is not replaced by pyrite, crumbling of surfaces will occur. This 
type of specimen is illustrated by figures 2 and 4. 

The value of studying the structurally preserved portions of axes of 
compressions has been indicated by the works cited above. Valuable contri- 
butions have also been made as a result of the study of isolated pyritized 
axes. Several new genera have been described from the ‘‘Tully pyrite’’ in- 
cluding Iridopteris, Xenocladia (Arnold 1940), Schizopodium and Arach- 
noxylon (Read 1938). Aneurophyton was first positively identified in this 
country by Arnold (1940) primarily on the basis of isolated petrified frag- 
ments found in the ‘‘Tully pyrite’’ and in marcasite nodules in the Mar- 
cellus formation in western New York. The new genus, Reimania, was also 
described from specimens found in marcasite nodules in the Marcellus (Ar- 
nold 1935). 

A technique to aid in the preparation of pyritized plant fossils for study 
was described by Leclercq and Disery (1950). This technique involves em- 
bedding the fossil material in Canada balsam. The embedding process which 
involves immersion of the specimens in xylol for 12 hours, in a xylol-balsam 
mixture for 3 hours and finally evaporation of the xylol, requires 18 or 19 
hours for completion. This technique is supposed to harden the specimens 
by a ‘‘progressive penetration’’ by the balsam after which sections can be 
made and polished. 

The writer in applying this technique found that there was little or no 
penetration of the specimens by the balsam and that only the surfaces ac- 
tually covered by balsam could be ground and polished with any success. 
The embedding medium, therefore, acts primarily to fill the depressions in 
the cut surface caused by the action of the saw blade and oxidation of the 
pyrite, and thereby, prevents a further crumbling of the surface when it is 


ground and polished. 
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pyri- 


After continued modification of this technique over a two year period, 
the writer recommends the following new procedure : 

(1) Cut thin sections of the specimen. If the fossil is completely em- 
bedded in a rock matrix which is unfractured, no treatment is necessary 
prior to cutting. However, if the surrounding rock is friable, or already 
fractured, or if a considerable portion of the fossil material is exposed, the 
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(2) Place the sections in a solution of 3 parts toluene and 1 part Harleco 
Synthetic Resin (HSR). Boil gently on a hot plate until most of the toluene 
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Fig. 3. A fossil plant compression of the type in which portions of some axes are 
structurally preserved by pyrite, x4. Fie. 4. A plant fossil embedded in a small pyrite 
in be concretion, X11. Fuies. 5-6. Pyritized axes taken from a compression specimen like that 
shown in figure 3. Fig. 5. A erumbled, nearly useless, surface of a pyritized plant axis, 
resulting from an attempt to polish the surface before treatment with HSR, x20. Fie. 6. 
A polished surface of an axis similar to that shown in figure 5 made possible by treat- 
S ac- ment with HSR, x 30. 
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A knowledge of the optimum moment at which evaporation of the sol- 
vent must be stopped is the key to success in using this technique. If all of 
the solvent evaporates, the embedding material becomes brittle and will 
fail to serve its purpose of preventing a crumbling of the surfaces to be 
ground and polished. On the other hand, if the coating of HSR is too sticky, 
polishing will be impossible. The following test is suggested: Dip a needle 
into the embedding solution. Before the solution has completely cooled, pull 
it from the needle, roll it into a ball and pull it. If it breaks without visibly 
stretching, the solution is probably too brittle. If it stretches slightly before 
breaking but is not sticky to the touch, the optimum moment has been 
reached. In case of unsuccessful attempts, the process may be repeated 
without apparent damage to the fossil material. 

(3) Remove the sections immediately. Rid them of excess HSR before 
cooling, or with a hot needle after cooling. 

(4) Grind the surfaces with a #600 abrasive powder and polish by the 
use of chromium oxide. The coating of HSR tends primarily to hold rigid 
the erystals of pyrite and the pyrite cell casts projecting from the cut sur- 
faces. Since there is little, if any, actual penetration of the fossil by the 
HSR, one must grind no deeper than is absolutely necessary to obtain a com- 
pletely smooth surface. Grinding should be done on a slow-speed lap if pos- 
sible. The polishing of the surfaces by chromium oxide should be done on a 
glass plate. Crumbling may occur at this point unless extreme care is exer- 
cised. 

(5) Mount on a glass slide. After each section is washed, it should be 
dried with cheesecloth, dipped immediately into toluene or xylol and 
mounted in Permount or some other fast-drying mounting medium. The 
space between the cover slip and slide should be completely filled with the 
mounting medium. 

This entire procedure will have taken only 2 or 3 hours. After the mount- 
ing medium has dried, the specimen can be examined on both sides by the 
use of reflected light, preferably with an Ultropak microscope. One can get 
a visual illustration of the value of this technique by comparing figures 5 
and 6. 

The value of studying pyritized plant fossils cannot be over-emphasized. 
The especial importance of studying petrified axes of compressions has been 
illustrated by the work of Leclereq (1951) on Rachophyton. The writer is 
convinced that the value of this kind of information is so great that a serious 
attempt to locate short lengths of petrified axes should be made by every 
paleobotanist when working with compressions. Use of the above technique 
will facilitate the study of these pyritized axes. 
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SUMMARY 


1. The importance of studying structurally preserved portions of axes 
of compression specimens is stressed and several examples of previous work 
of this nature are cited. 

2. Two common types of fossil preservation in pyrite are discussed. 

3. A technique which facilitates the grinding and polishing of surfaces 
of pyritized plant fossils is described and its usefulness to the paleobotanist 
is emphasized. 

DEPARTMENT OF Botany, CORNELL UNIVERSITY 

IrHaca, NEw YORK 
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A CYTOGENETIC STUDY OF CERTAIN RACES 
OF OENOTHERA ELATA' 


ERIcH STEINER 


In an earlier paper (Steiner 1951) reporting the results of cytogenetic 
analysis of five races of Oenothera elata, the conclusion was reached that 
this species was not ancestral to the North American oenotheras and was 
probably derived from Oe. hookeri or a hookeri-like ancestor. The current 
investigation of four new collections from central Mexico was undertaken 
to obtain additional evidence on ‘the relationships among races belonging 
to Oe. elata. 

All Mexican and Guatemalan euoenotheras so far studied cytogenetically 
are large-flowered, open-pollinated forms showing seven pairs of chromo- 
somes at meiosis. Hybrids between different races, however, may show circles 
of chromosomes at meiosis. Therefore, many of the forms, although strue- 
tural homozygotes, have undergone segmental interchange leading to dis- 
tinctive arrangements of their chromosome ends. Such segmental inter- 
change has occurred even more extensively among the North American 
euoenotheras concurrently with the development of the self-pollinating 
habit and a balanced lethal system; thus has resulted the peculiar cyto- 
genetic mechanism for which Oenothera is so well known.? Through the 
work of Cleland and others, a system of chromosomal end arrangement has 
been established by which it is possible to assign to any given genome or 
‘‘complex’’ a segmental arrangement in terms of the standard arrange- 
ment, 1-2 3-45-6 7-8 9-10 11-12 13-14.° Using Cleland’s techniques, 
the genomes of the New Mexican collections have been analyzed for chromo- 
somal end arrangement. 

The segmental arrangements provide a convenient index of phylogenetic 
relationship, since there is evidence (Cleland, et al., 1950) that, in general, 
forms with the same segmental arrangement are more recently derived from 
a common ancestor than forms with widely different arrangements. 

The determination of segmental arrangements of Oenothera elata should 
reveal the extent which the different local populations represented by our 
collections have undergone segmental interchange and whether the same 
segmental arrangement is characteristic of larger geographical areas. Fur- 
ther, if these forms represent derivatives of an ancestral population which 


1 Work supported by Faculty Research Fund of the Horace Rackham School of 
Graduate Studies, University of Michigan. 
2 For a brief account of this cytogenetic mechanism, see Cleland, 1949. 
3’ Each chromosome is represented by two numbered ends joined by a dot. 
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also gave rise to the North American euoenotheras, it is of interest to seek 
evidence as to why, in spite of reciprocal translocation, no complex-hetero- 
zygotes have arisen in the Middle American region. 

Materials and methods. The collections here investigated are shown in 
Table 1. The geographical distribution of all Oe. elata collections so far 


TABLE 1, Races analyzed in the current study 


Race Collector Source : hromosome 

. Configuration 
Acatzingo P. A. Munz Acatzingo, Mexico 7 pairs 
Cholula ae Cholula, Mexico 7 pairs 
Puebla sy Puebla, Mexico 7 pairs 
Puerto-aereo = Dis. Fed., Mexico 7 pairs 


analyzed is seen in figure 1. Each of the new collections was hybridized with 
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Fig. 1 
a series of standard races whose complexes had previously been genetically 
and cytologically identified. The chromosome configuration of each hybrid 
was determined and from these configurations the segmental arrangements 
of the new races were worked out. An example of such a cytological analy- 
sis is given in the earlier paper (Steiner 1951). For further details regard- 
ing the methods used in the study of Oenothera phylogeny see Cleland, 
et al., 1950. 
Observations. The collections Acatzingo, Cholula, and Puebla possess 
the following characters: 
Leaves gray-green, elliptic-lanceolate, acute; typical lower cauline 
leaf, 11.5 x 2.5 em.; surface slightly crinkled, strongly wavy; mar- 
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gins entire to obscurely toothed with appressed hairs; surface hairs 
moderately numerous, closely appressed; midrib white; pulvinus 
green. 

Stems with no papillae, green basal color; tips below bracts green 
with a heavy felty pubescence. 

Habit. Central shoot with numerous lateral branches often reaching 
the same height as the central shoot; only a weak tendency toward 
rosette formation when grown in Michigan. 

Bracts strongly reflexed, green. 

Buds. Typical cone, 2.9 em. long, somewhat angular, tapered, typ- 
ically 5 mm. thick at base, yellow green, thick-skinned with numerous, 
long appressed hairs; hypanthium typically 1.8 cm. long, yellow 
green; ovary typically 1.0 em. long, gray-green. 

Flowers 4.5 to 5.5 em. in diameter; petals 2.5—-3.5 em. wide, 2-3 em. 
long. 


Height as grown, 98-130 em. 


Puerto-aereo differs from the above description in possessing moderate 
anthocyanin pigmentation in the base of the stem, the stem tips, and the 
bud cone. 


TABLE 2. Newly determined segmental arrangements 


h Aecatzingo* 1-4 3-2 5°9 6-8 7:10 11-12 13°14 
h Cholula 1-4 3°2 5-9 6-8 7-10 -12 13°14 
h Puebla 1-4 3-2 5°9 6-8 7°10 “12 13-14 
h Puerto-aereo 1-4 3:2 5:6 7°10 9-14 -12 13-8 


*The superseript ‘‘h’’ (haplo-) indicates that the complex occurs in duplicate in a 
structurally homozygous race. 

Crosses of these forms with the North American races used as standards 
produced, in general, abundant seed which germinated readily to develop 
into vigorous, normal seedlings. Of the forty-four crosses made, only two 
failed to produce viable seedlings. The newly determined segmental ar- 
rangements are shown in Table 2. Table 3 lists those arrangements, deter- 
mined previously, which occur in other races of Oe. elata. The segmental 
arrangement encountered most frequently among races of Oe. hookeri, the 
group considered to be ancestral to the North American euoenotheras, is 
also shown. 

Discussion. The ten collections of Oenothera elata which have been 
analyzed cytogenetically show three distinctive chromosomal end arrange- 
ments. For convenience these will be referred to as the Toluca, Puebla, and 
Guatemala arrangements, although each is represented by two or more col- 
lections. The interchange relations of these types are shown in Table 4. 

The Puebla arrangement is intermediate between that of Toluca and 
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TABLE 3. Previously determined arrangements occurring in races of Oenothera elata 


h Guatamala 


1-2 3-10 5-9 7:4 6-8 11-12 13-14 
h Chichicastenango 1-2 3-10 5-9 7°4 6-8 11-12 13-14 
h Chapultepec 1-4 3°2 5°6 7-10 9-14 11-12 13-8 
h Texmelucan 1-4 3°2 5:6 7-10 9-14 11-12 13°8 
h Toluca .*< 3°2 5°6 7:10 9-14 11°12 13°8 
h Zimapan 1-4 3°2 5°6 7-10 9-14 11-12 13°8 
Arrangement encountered most commonly among races of Oe. hookeri*: 

1-2 3°4 5°6 7-10 9-8 11-12 13°14 


*The race, hookeri, which has been used extensively in the genetic work with 
Oenothera belongs, of course, to the species, Oe. hookeri. However, this race possesses 7 - 8 
and 9-10 chromosomes, rather than 9-8 and 7:10 which the majority of races belonging 
to the species carry. It should be emphasized that in this paper when we speak of the 
hookeri arrangement, we are not referring to the arrangement shown by the race, hookeri, 
but to the arrangement most commonly found among all the races of the species. 


Guatemala. The collections from Guatemala are characterized morphologi- 
cally by smaller, more wavy leaves and the absence of anthocyanin pigment 
throughout the plant; members of the Puebla group, with the exception of 
the red pigmentation, resemble closely the central Mexican races of the 
Toluca group. As shown by the map (fig. 1) Acatzingo, Cholula, and Puebla 
are the most southerly of our Mexican collections and therefore nearest to 
Guatemala. Thus the Puebla group appears to be more or less intermediate 
between the Toluca and Guatemala groups with respect to segmental ar- 
rangement, morphological characters, and geographical distribution. 

The data obtained earlier (Steiner 1951) led to the conclusion that Oe. 
elata was derived from Oe. hookeri or a hookeri-like ancestor. With the dis- 
covery of the Puebla arrangement among races of Oe. elata, the question 
arises whether this conclusion is still tenable. 

The problem was approached by assuming, in turn, the hookeri, Puebla, 
Toluca, and Guatemala arrangements to be ancestral and the others derived. 
In each case all phylogenetic sequences in terms of minimal number of seg- 
mental interchanges necessary to’ derive from the assumed ancestral form 
the different arrangements were determined. A comparison of these se- 


TABLE 4. Interchange relations of the segmental arrangements occurring in races of 
Oe. elata and the arrangement most commonly found among races of Oe. hookeri 


Toluca group 1-4 B-2 5°6 7-10 9-14 11-12 13-8 

Puebla group 1-4 3°2 5°9 6-8 7-10 11-12 13-14 
Guatamala group 1-2 3°10 5:9 6°8 fae 11-12 13°14 
Oe. hookeri 1-2 3°4 5°6 7°10 9-8 11-12 13°14 


two interchanges removed from the hookeri arrangement 
Toluca—two interchanges removed from the Puebla arrangement 
four interchanges removed from the Guatemala arrangement 


Puebla—*¥° interchanges removed from the hookeri arrangement 
two interchanges removed from the Guatemala arrangement 


Guatemala—two interchanges removed from the hookeri arrangement 
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quences revealed that all require the same number of interchanges to derive 
the other arrangements. However, of these, only one recognizes the close 
relationship of the Puebla and Toluca types; this phylogenetic sequence 
assumes the hookeri arrangement to be ancestral. The relationship of the 
Puebla and Toluca forms is readily apparent from morphological and geo- 
graphical evidence ; thus it is felt that the sequence by which the segmental 
arrangements of these types were derived should also reflect it. For this 
reason, Oenothera hookeri or at least a hookeri-like form, appears most 
likely to be ancestral for the races of Oe. elata so far analyzed. The pro- 
posed phylogeny of these forms is shown in figure 2. 


Phylogeny of Oe elata 
9-14 13°8 Toluca group 


J 
1-4 3-2 
7 \ 
Ancestral hookeri 5:9 6-8 Puebla group 
or hookeri-like 
population 
\ 
3-10 7:4-35:°-9 6°8 Guatemala group 
Fic. 2 


Since the Puebla and Toluca type races are morphologically very simi- 
lar and occupy adjoining areas in central Mexico, one may logically con- 
clude that the ancestral form first gave rise in this general region to a type 
carrying the 1 - 4 and 3 - 2 interchange. The latter was in turn differentiated 
into the Puebla form toward the South and the Toluca type toward the 
North, in each case undergoing a single, but different interchange. In the 
Guatemala region the 3-10 and 7-4, and 5-9 and 6-8 interchanges arose 
directly from the Oe. hookeri population. This ancestral population must 
have originally been widespread, but later, probably as a result of climatic 
change, was fragmented into more or less isolated segments. These relatively 
small, isolated populations have since begun to differentiate. Munz’ impres- 
sion (personal communication ) is that the Oe. elata populations do occur at 
rather scattered stations, which is exactly what one might expect to find 
according to the above hypothesis. The occurrence of small, isolated popula- 
tions very likely accounts at least in part for the absence of © 14 hetero- 
zygotes in this area. Permanent translocation heterozygotes are thought to 
have arisen (Cleland, et al., 1950) through hybridization of the two popu- 
lations which during a prior isolation had become widely different segmen- 
tally. This necessitates contact between populations once isolated. These 
Mexican races can be considered as presently undergoing segmental differ- 
entiation; if this continues and at some later date environmental change 
allows expansion and spread of the Oenothera populations, hybrids between 
different populations occurring at points of contact will be interchange 
heterozygotes with large circles of chromosomes at meiosis. With the de- 
velopment of the self-pollinating habit and a balanced lethal system, these 
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could become established as true-breeding heterozygotes. That such events 
may have occurred in midwestern and eastern North America seems plaus- 
ible. In the latter areas the extensive environmental modification effected 
by man’s settlement may have made available new habitats for previously 
differentiated populations of Oenothera to spread widely and hybridize, 
eventually producing balanced translocation heterozygotes. 

It is also of interest to note that the 1-4 and 3 - 2 associations of chromo- 
some ends which occur in all of the central Mexican collections are found 
in most of the beta strigosa (Cleland 1954), but not in any of the alpha 
strigosa complexes. Several of the beta strigosa complexes carry the 9-14 
and 13-8, while only one alpha strigosa complex carries these chromosomes. 
On the other hand, the 5-9 and 6-8 occur among three of the twenty-seven 
alpha strigosa complexes so far analyzed. The widespread occurrence of the 
1-4 and 3-2 in both the Mexican races and the beta strigosas indicates that 
these may both have been originally part of a population derived from the 
ancestral hookeri, the northern segment of which differentiated into the 
beta strigosas. In the absence of more extensive Mexican collections, how- 
ever, such a suggestion may only serve as a working hypothesis when new 
material becomes available. 


SUMMARY 


1. Four new collections of Oe. elata from central Mexico have been ana- 
lyzed cytogenetically. 

2. Three of these possess the same arrangement of their chromosome 
ends, an arrangement not found among the previously analyzed races. The 
fourth has an arrangement identical with four other Mexican races de- 
scribed in an earlier study. 

3. The segmental arrangements of collections of Oe. elata from Middle 
America are correlated with their geographical distribution and morphology. 

4. The new cytogenetic data support the hypothesis suggested in an 
earlier study that Oe. hookeri or a hookeri-like ancestor was originally dis- 
tributed throughout Middle America and that this population has been 
fragmented into relatively isolated segments which are currently under- 
going cytogenetic differentiation. 

DEPARTMENT OF BoTaNy, UNIVERSITY OF MICHIGAN 

ANN ARBOR, MICHIGAN 
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William L. Bray 


Dean William L. Bray, son of William and Martha Ann (Foster) was born on a 
farm near Burnside, Illinois. On December 28, 1898 he married Alice Weston of 
Syracuse, N. Y., (having met her in Berlin, Germany) who died a few years ago. He 
is survived by three children, Alice Roberta, of Syracuse, N. Y., Florence (Mrs. Russell 
G. Fudge), of Manlius, N. Y. and William W. of Cincinnati, Ohio. 

After attending the Kirksville (Missouri) Normal School, Dean Bray taught in 
[owa and then went to Missouri where he was a principal of schools for four years, 
From 1889-91 he was a student at Cornell University where he became enthusiastie 
about Natural History, especially zoology. The following year he was general secretary 
of the Y.M.C.A. at Fresno, California but returned to Burnside, Illinois, in May 1892 


William L. Bray September 19, 1865-May 25, 1953 


(Photo by courtesy of Mildred E. Faust) 


where he spent most of the summer identifying prairie plants. His adeptness in the 
use of keys was important in his choice of botany as a major subject at the Uni- 
versity of Indiana that fall. His early professional life in the botanical field was 
guided by Dr. John M. Coulter under whom he received all of his degrees: the A.B. 
from the University of Indiana in June 1893, the M.A. from Lake Forest University 
(Illinois) June 1894 (a monograph on Amaranthaceae with Edwin Uline), and the 
Ph.D. at the University of Chicago in June 1898 (Vegetation of western Texas). 
While at Lake Forest he was instructor and adjunct professor of botany. In 1896-97 
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he studied and published under A. Engler at Berlin University, Germany. Upon com- 
pleting his studies under Engler and at the recommendation of Dr. Coulter he accepted 
a teaching position at the University of Texas, where he remained for ten years. 
During this period he organized the botany department and became its first head, as 
well as doing a great deal of field work in Texas and Mexico. In January 1903 he was 
appointed chief of the Division of Forestry, Texas World’s Fair Commission and 
during the following year visited many parts of Texas collecting woods for the 
Louisiana Purchase Exposition at St. Louis in 1904. Here he supervised the exhibit 
which was awarded the GRAND Prix. 

In 1907 he went to Syracuse University to establish and become head of the 
Botany Department in the College of Liberal Arts. In 1911 he organized the Agri- 
cultural Division in Syracuse University, which subsequently became the College of 
Agriculture. In the same year he also organized, and was appointed Acting Dean of 
the New York State College of Forestry at Syracuse University for part of the first 
year. He continued as an accessory instructor in Ecology for many years. He helped 
maintain a close bond between the Plant Science faculties of these three colleges in 
his chairmanship of ‘‘The Journal Club’’, an informal discussion group of current 
botanical research. He was so well regarded by the faculty and students of the College 
of Forestry that their first building was named ‘‘Bray Hall’’ in his honor. As a 
special investigator for the College he undertook extensive reconnaissance surveys and 
collections throughout the State which resulted in his publication on the vegetation 
of New York State. Due to his keen perception in the laboratory and field and his 
well-organized mind, all of Dean Bray’s publications have remained of great value 
to the present. It is regretted that so able a man did not continue to publish and 
produce more research. However, his unpublished research was used in his classes and 
his influence was far reaching in his inspirational teaching and personal contacts with 
students. His friendliness and leadership encouraged fellowship between students and 
faculty. He enjoyed being ‘‘Daddy Bray’’ to the plant scientists. 

He was appointed dean of the Graduate school in the College of Liberal Arts in 
1918, served as dean of the College 1923-25, and retired from headship in the Botany 
Department in 1932 when his duties as dean increased, due to expansion of the graduate 
school to other Colleges. Syracuse University was fortunate in having such a profound 
scholar and administrator and expressed its appreciation of his contributions by con- 
ferring upon him, the honorary degree of Doctor of Science in 1936. 

He always felt close ties with the Torrey Botanical Club which he joined in 1908 
and was given honorary life membership in 1937. He was a fellow of the A.A.A.S. and 
in 1937 made Emeritus-Life Member, which gave him great satisfaction. He was also 
a member of the Ecological Society of America, being in charge of the first summer 
meeting in the east, which was held at Syracuse, N. Y. in 1932 with the second 
summer meeting of the A.A.A.S. He belonged to the Botanical Society of America, the 
American Fern Society, and Sullivant Moss Society and the honorary societies of 
Sigma Xi, Phi Kappa Phi, and Phi Beta Kappa. 

Dean Bray was active in creating interest in nature and helping in its conservation. 
After his retirement from Syracuse University in 1943 he continued to maintain an 
active interest not only in the University and its Plant Sciences Department but also 
in all botanists and botanical advancement.—MILDRED E. Faust, Syracuse University. 

The following are his botanical publications: 


A preliminary synopsis of the North American species of Amaranthus. Bot. Gaz. 19: 
267-272; 313-320, 1894. 

Synopsis of the North American Amaranthaceae. I1., Ibid. 20: 155-161; IIL, 
337-344; I1V., 449-453, 1895; 21: 348-356, 1896. (With Edwin B. Uline.) 

The geographical distribution of the Frankeniaceae considered in connection with 
their systematic relationships. Botanische jahrbiicher fiir systematik pflanzenge- 
schichte und pflanzengeographie. 24: 395-417. 1897. 

On the relation of the flora of the lower Sonoran zone in North America to the flora 
of the arid zones in Chile and Argentine. Bot. Gaz. 26: 121-147. 1898 





300 BULLETIN OF THE TORREY BOTANICAL CLUB (VoL. 82 


Relations of the North American flora to that of South America. Science (new series) 
12: 709-716. 1900. 

The ecologieal relations of the vegetation of western Texas. Bot. Gaz. 32: 99-217; 
262-291. 1901. 

Destruction of timber by the Galveston storm. The Forester 7: 53-56. 1901. 

Texas forests and the problem of forest management for the longleaf pine lands. Ibid, 
7: 131-138. 1901. 

The tissues of some of the plants of the Sotol region. Bull. Torr. Bot. Club 30: 
621-633. 1903. 

Forest resources of U.S.D.A., Bur. Forestry Bull. 47. 1904. 

The timber of the Edwards Plateau in Texas. Ibid. Bull. 49. 1904. 

Vegetation of the Sotol country in Texas. Univ. Texas Bull. 60. 1905. 

Distribution and adaptation of the vegetation of Texas. Ibid. 82. 1906. 

The mistletoe pest in the southwest. U.S.D.A., Bur. Plant Ind. Bull. 166. 1910. 

The development of the vegetation of New York State. N. Y. State Coll. Forestry, 
Techn. Pub, No. 3. 1915. Revised Ibid. 29. 1930. j 

History of forest development on an undrained sand plain in the Adirondacks. Ibid. 
No. 13. 1921. 

Botany and the State. An address at the dedication of the Biological Laboratory of 

the University of Texas on May 3, 1925. The Univ. of Texas Bull. No. 2545. 1925. 


Liberty Hyde Bailey, the Botanist 


When Liberty Hyde Bailey died at his home late Christmas evening, 1954, at the 
age of ninety-six, American botany lost what had been the last living link between 
the era dominated by Asa Gray, and the present. During the two decades now ended 
it was J. C. Arthur and L. H. Bailey who, among several thousand American botanists, 
could recount experiences of the Grayian era; with the passing of Arthur in 1949, 
Bailey stood alone in this niche. Everyone who knew Dean Bailey personally, or who 
was acquainted with his accomplishments over a life-time of ninety-six years, knew 
too that this man of stature was great for accomplishments in many fields of activity. 
A more detailed appreciation of Bailey and his major life-time accomplishments in 
many kinds of activities, together with a bibliography of books and vital statistics of 
his life, is to be found in BarLeya (3: 26-40, 1955). The following paragraphs appraise 
and review his botanical work. 

sailey’s first botanical paper (unsigned) was a review of a ‘‘Catalogue of 
Michigan Plants’’ (by C. F. Wheeler and Erwin F. Smith) published in the [Michigan 
Agricultural] Cottege SpecuLUM in 1881. Characteristic of Bailey’s concern for the 
application of botany was his comment, ‘‘The work is indispensable to every botanist; 
it should also be owned by every educated farmer in this State.’’ Three years later the 
Torrey Botanical Club published in its Bulletin his first contribution of what was to 
become a series of twenty taxonomic papers on the genus Carer. One of these was 
the first number of volume one of the Club’s Memoir series. For the period 1886-1905, 
Bailey was probably the dominant caricologist in America; collectors from Greenland 
to Alaska and southward to Panama sent him their specimens for determination. The 
Carex collections in the Bailey Hortorium herbarium are rich because of this material. 
Bailey’s interest in Carex was encouraged by Asa Gray, with whom he worked at 
Cambridge (1883-84). Impressed at this time with the importance of type specimens 
to his Carex studies, he later won his demand from Cornell authorities (who sought 
him as a Professor of Horticulture) that they include an all-expenses-paid trip to 
Europe prior to his coming to Ithaca as a condition to his acceptance of the new posi- 
tion. The official reasons he gave Cornell’s President for this trip are not known, but 
it is known that while in Europe he visited every important herbarium west of Russia, 
including those at Prague, Vienna, and Uppsala, and there studied and photographed 
Carex types. He used a cumbersome plate camera and had the plates shipped from 
Rochester, New York, to various European centers. (On one occasion German customs 
inspectors not only insisted on examining every unexposed plate in a dockside shed, 
but also tried to collect duty on the ruined negatives!) What is more important, the 
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glass-plate negatives of almost all of those 200-odd photographs are today in good 
condition. Bailey, while not the first American to study type specimens in Europe, 
probably was one of the first to bring back series of photographic negatives of the 
specimens studied. At this period, also, Bailey was called on to prepare treatments 
of Carex for various American manuals and local floras. 

Through the influence of Sereno Watson of the Gray Herbarium, Bailey was 
engaged (1894) to revise ‘‘Gray’s Field, Forest and Garden Botany.’’ In doing so 
he added authorities for Latin names and more than doubled the number of garden 
and agricultural plants included. Throughout his lifetime, Bailey sought to bring the 
findings of botanical science within the grasp of the ordinary person. His ‘‘ Talks 
Afield’’ (1887) was an explanation of botanical structures and functions written in 


L. H. Bailey March 15, 1858—December 25, 1954. 
(Photo by courtesy of Cornell-Photo Science Service) 


the parlance of the farmer, amateur botanist, and youth. ‘‘ Lessons with Plants’’ (1898) 
was a botany text written for students, but differed from existing works in that commonly 
known plants of the garden and field were used in discussion and to illustrate the text. 
His ‘‘Botany: an elementary text for schools’’ (1900), ‘‘Beginners Botany’’ (1908), 
and ‘‘Botany for Secondary Schools’’ (1913) were patterned along these lines. 
Financially they were successful; some were more widely adopted in Canada than 
in this country. A later book that had more appeal to the botanical novice than to the 
professional was his ‘‘How Plants Get Their Names’’ (1933), a work that went 
through only the one edition but whose content, although technical and erudite, was 
delightfully presented and deserved wider popularity. Wholly aside from the botanical 
and taxonomic character of his renowned ‘‘Standard Cyclopedia of Horticulture (1914— 
1917)1, there are other books, more generally treated as horticultural rather than botani- 
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cal, whose contributions to the taxonomy of cultivated plants were considerable. Notable 
among these are his ‘‘Manual of Cultivated Plants’’ (1924, with its completely re- 
written edition of 1949), ‘‘The Cultivated Conifers in North America’’ (1933), and 
a quartet composed of ‘‘The Garden of Gourds’’ (1937), ‘‘The Garden of Pinks’’ 
(1938), ‘*The Garden of Larkspurs’’ (1939), and ‘‘The Garden of Bellflowers’’ (1953) 
—each a horticultural monograph, complete with keys to species and taxonomic discus- 
sions of taxa concerned. Each of these works represented considerable taxonomic study 
by Dr. Bailey. Indigenous material of taxa involved was studied at leading American 
herbaria, original descriptions were often consulted, and occasionally loans were re- 
quested from foreign sources. Conversely, Bailey himself would be the first to make 
clear that the treatises were not taxonomic revisions in the botanical sense; the scope 
was too limited, little study was given to matters of detailed distributions, no resolution 
was attempted of taxonomic problems associated with non-cultivated congeners, and no 
attempt was made to resolve relationships within infrageneric taxa above the rank of 
species. Nevertheless, each is a contribution of considerable value to the horticulturist 
and is one to be consulted by botanical monographers in the future. 

Aside from these horticultural applications of taxonomic study, Dr. Bailey’s botanical 
contributions have been associated, since the turn of the century, principally with taxo- 
nomic studies of the New World palms (plus a few genera of the Old World tropics), 
and the genera Brassica, Vitis, Cucurbita, and Rubus. Most of his papers on these plants 
have been published in GENTES HERBARUM, a periodical now in its eighth volume, founded 
by Bailey in 1920, financed by the New York State College of Agriculture at Cornell 
since 1930, and currently edited from the Bailey Hortorium. 

Bailey’s interest in palms began with his visit to Jamaica in 1910, and his first taxo- 
nomie paper on them was published in 1930. From then until 1949 he published 45 papers 
on members of the family, two of which are floristic, ‘‘ Palms of Panama,’’ ‘‘ Indigenous 
Palms of Trinidad and Tobago,’’ 


and the remainder revisionary or monographiec in 
scope. Notable among these are his revisions of the genera Acrocomia, Arecastrum 


Brahea, Butia, Coccothrinax, Copernicia, Erythea, Roystonea, Sabal, Thrinax, and Wash- 
ingtonia. Bailey’s initial palm studies showed immediately the inadequacy of existing 
herbarium specimens. New collecting techniques were developed by him, to the extent that 
his palm herbarium at Ithaca, now occupying more than eighty steel herbarium cases, 
has become one of the finest, if not the largest, anywhere. It is the result of more than 
twenty collecting trips to Mexico, Panama, Venezuela, Brazil, Colombia, and scores of 
islands of the West Indies. Always an exponent of the importance of good photographs to 
taxonomic studies, he carried a view camera with him on his trips, and the herbarium 
record contains hundreds of photographs of palms represented in his collections. For 
many years Dr. Bailey planned as his magnum opus a comprehensive treatment of the 
palms of the world. Summing up his views on this a few years ago, he slapped his hand 
on the table and said, ‘‘Of course it will be my unfinished symphony, but it is wonderful 
to work at.’’ He did work at it. When he fell in a New York City bank on December 29, 
1949, and broke his upper thigh, he had in his pocket a one-way series of tickets from 
New York to the oil-palm country of fhe Belgian Congo, letters of introduction, and 
specific instructions for the disposal of his remains and personal effects should he not 
live to return; date of departure: January 2, 1950. Those flight reservations were can- 
celled December 30, 1949. 

Bailey’s work in the genera Cucurbita, Brassica, and Vitis is less well known than 
that in the palms and Rubus. However, time may prove these studies to be among his best, 
especially the revisions of Vitis and Brassica. These studies were based on intensive field 


1 Confusion has been injected into the literature citations for this work, due to 
the publisher’s practise of treating subsequent printings as later editions. The work 
was first published in six volumes in 1914-1917. A 2nd edition published in 1922 
differed only in the correction of misprints and typographical errors. All so-called 
editions published after 1922 have been printed from the original plates of the 2nd 
edition, and it is incorrect to cite these dates or later reprintings as if they were of 
revised editions of same. 
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work as well as studies in the herbarium. Bailey’s Brassica material was collected by 
him along the coasts of Great Britain, and western Europe, from eastern and central 
China, and from marketplaces of four continents. For more than forty years he grew and 
studied the cultigens of the genus, selfed the cultures, made crosses and back-crosses, and 
kept good records of his studies, including vouchers for the herbarium. Similarly with the 
cucurbits, he collected material from the backlands of Mexico, from isolated tribal plots 
of the Seminole Indians, and from Panama and northern South America. His earliest 
records of crosses and varietal studies in the group date from 1886, started at Michigan 
State College. Through the years, his active interest in the group never waned. In 1949, 
the Hortorium garden at Ithaca was overrun with cucurbits—on the fences, across the 
walks, and among plants grown for study by other members of the staff. The Vitis paper 
was preceded by extended collecting trips from Missouri along the Gulf to Florida, and 
northward. In the earlier days, he worked actively with Munson, then a leading authority 
on the genus. As was true for Carex, so too for Vitis he contributed treatments of the 
genus for various American manuals and floras. 

Dr. Bailey placed his taxonomic studies of Rubus at the top of his accomplishments 
in systematic botany. These studies began before 1890, when he published a series of 
three papers on the native dewberries. This was followed in 1895 by an extensive treat- 
ment of the cultivated blackberries and their indigenous counterparts. However, it was 
not until 1932 that he published his first major monographic treatment in the genus, 
and during the period from March, 1941, through November, 1945, he was busy with the 
publication of his opus, ‘‘The Genus Rubus in North America.’’ There were also other 
notable Rubus papers, treating species of the West Indies and South America, and two 
substantial Supplements to the Monograph (1947, 1949). The Rubus herbarium at the 
Hortorium numbers in excess of 33,000 collections, of which the great majority were 
made by Bailey. As for the palms, here, too, he demonstrated the need of having adequate 
and representative herbarium material, including that from the first-year canes as well 
as from the second-year flowering canes. Bailey considered the genus Rubus to contain 
487 species for North America. By most botanists, not themselves so familiar with the 
genus in the field, this number is considered excessive. 

In an appraisal of this and other taxonomic studies by Bailey, one must consider his 
basie species philosophy. He was an evolutionist in every sense of the term. At the same 
time, he treated the nomenclatural type of a species as one taxon and variants of that 
species as satellites or appendages of it. This was the concept of such men as Gray, 
Hooker, Reichenbach, Jepson, and Merrill. It is a concept that does not consider the 
species as a biological unit, its nomenclatural type holding that position only because it 
happened to be the first to be named and deseribed with the binomial. When Bailey de- 
scribed a species having one or more varieties, other than the typical component, his 
description accompanying the binomial was only of the typical element. Having done 
this, he proceeded to describe the varieties as adjuncts. He did not accept the view now 
prevalent among botanists that the description of the binomial should cover all taxa 
included within it. For him, a species might have varieties, but it was not composed of 
varieties. Bailey recognized only one infraspecific category, that of VARIETAS, and never 
subscribed to the view that knowledge of the kinds of plants was enhanced by treating 
the species as composed of subspecies, and subspecies as composed of varieties, and the 
varieties of forms. 

Bailey had definite ideas on the subject of hybrids and hybridity. It has been re- 
ported that he did not accept the existence of hybrids in nature, that in his Rubus studies 
he treated them as species, and that he rejected summarily the opinions of others when 
they described hybrids in Rubus. These allegations are not wholly true. Not only did 
Bailey accept the existence of hybrids in nature, but he described some as such and gave 
their parentage. In his revisionary studies, however, he challenged every previous worker’s 
statement if hybridity was alleged to exist. To Bailey, the intermediacy of characters 
was of itself insufficient evidence of hybridity; he insisted on geographical proximity 
and evidence of genetic compatibility in nature, of the alleged parents. He felt that, too 
often, the imputation of hybridity was used by the taxonomist as a cloak to cover igno- 
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rance. In his earlier years Bailey was a leader in the subject of plant-breeding (in fact, 
he coined that phrase), was the author of three text-books on the subject (the first pub- 
lished in 1892) and of many papers during that period. However, it cannot be said that 
he was a geneticist. His activity in the field ended at about the turn of the present cen- 
tury. This was before the gene theory was propounded and be.ore the intricacies and sig- 
nificance of chromosome activities were well understood. Although he read cytogenetic 
literature, tried to understand without bias the objectives and accomplishments of the 
cytogeneticist, and consulted published data on the subject as concerned the taxa with 
which he worked, he did not always appreciate the importance to taxonomic conclusions 
of such phenomena as polyploidy, autoploidy, amphiploidy, and apomixis. 

sailey was not without his reasons in these opinions on cytogenetics as they relate 
to taxonomy. On several occasions he demonstrated the folly of reliance on published 
chromosome counts where verification of the correctness of identification of the material 
concerned was impossible because the cytologist had no vouchers of the plants with 
which he worked. To help to offset this deficiency, he encouraged cytogeneticists and 
cytotaxonomists to prepare vouchers to their material and ensure their preservation in 
herbaria; the increasing number of collections of this character now deposited in the 
Bailey Hortorium attests to his efforts in this direction. In his last years he engaged Dr. 
John Kinset, a competent cytogeneticist, to grow plants of Rubus collected by both of 
them from the wild. The cytological studies that followed demonstrated the existence of 
apomixis in some of the taxa and clearly indicated hybridity in others. It is to Bailey’s 
credit that he arranged for the publication of the initial studies in this work in GENTES 
HERBARUM. It is unfortunate that this information for the genus Rubus, prepared, of 
course, on a much broader scale, had not been available to him a decade or more pre- 
viously. The data came to him at a time when his monograph was completed, when his 
ideas and concepts were crystallized, and when he had passed the peak of his perform- 
ance. It was at a time before the rules of nomenclature had accepted the apomict as a 
taxonomic category, or had made provision for its accounting. Bailey did not rejeet the 
existence of apomicts. Following Einset’s work, he held the view that if some of the 
taxa he named and deseribed as species are apomicts, or are proven hybrids, it is for 
subsequent workers to relegate them to their proper place and to treat them nomen- 
claturally as provided by the Code. In his monograph he has directed attention to morpho- 
logical dissimilarities in these taxa, has documented locations where they are indigenous, 
has typified each, and has paved the way for subsequent workers (probably cytotaxono- 
mists) to clarify the biological picture. Time will decide whether his nomenclatural sepa- 
ration of these plants, and his focusing of attention on their differences, are a greater 
contribution to the ultimate solution of the problem than is the wholesale ‘‘lumping’’ 
of taxa without any investigation of the biology of the alleged aggregate species. 

The turmoil in botanical nomenclature in which American botanists were involved 
more than a half century ago is now history. But it is noteworthy that, in a period when 
his principal activity was in horticulture and agriculture at Cornell, Bailey took a major 
part in those controversies. Initially he was a member of a committee active in formula- 
tion of the Rochester Code. Although trained in part under Asa Gray, he supported 
Britton and the view that the principles of nomina generica conservanda and of the 
so-called ‘‘ Kew Rule’’ were scientifically unsound. His support of the nomenclatural- 
type-concept was ardent and enthusiastic. As early as 1887 he published on the subject 
and in the same year proposed corollary rules for horticultural nomenclature. Two years 
later he wrote a U.S.D.A. Cireular comprising ‘‘ Rules for Naming Vegetables.’’ How- 
ever, largely as a result of two extended trips to European botanical centers in the late 
1890’s, he conceded that the European botanists were unlikely to accept Britton’s rigid 
nomenclatural proposals. Following this, he urged adoption of conciliatory measures that 
would result in a code of nomenclature acceptable at the international level. He argued 
that, as botanical study was without national boundary, so also must the rules of nomen- 
elature be international if world-wide stability of scientific names was to be achieved. 

No review of Liberty Hyde Bailey’s botanical contributions can omit considera- 
tion of his impact on the science as a man. His personality and character were just 
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as individual as his name. While he read avidly with an open mind, and sought con- 
tinually to expand his horizons, he reached conclusions by himself and stood by them. 
Seemingly, he lived to accomplish. On New Year’s Day, or the night before, he would 
list the items of research, travel, and publication that he would strive to accomplish 
during the coming year. This list would sometimes hang from a nail in the ‘‘palm 
room’’ at the Hortorium. He would list titles of books yet to be written, and had a 
folder of notes and outlines of their contents, of work to be done in the course of 
their preparation. On the other hand, he kept no record of what he had done, no 
list of books and papers published, no diaries of his living (aside from two written 
in his youth, a few journals of his travels, and his plant collection note-books). In 
this regard, he once commented, ‘‘I have no time to record history; my interest is 
in the future.’’ With this viewpoint, he wrote no memoirs, no accounts of his travels. 

This submersion of ego did not mean that he lacked pride or vanity. He was a 
tall man of medium build, who walked erect and vigorously. He dressed well. From 
middle-life onward, he usually wore a conspicuous broad-brimmed hat, usually pale 
tan or black in color. When Dean of the College of Agriculture, he prided himself 
upon being driven in his buckboard with as fine a span of horses as could be had. He 
was a man of direct speech, sometimes blunt to the point of rudeness, and even more 
he was a man of direct action. He usually answered a letter the day it arrived. He would 
have been happy if his directives could have been completed the day before they were 
given. Just as he had the gift of writing in a delightfully flowing style of prose, 
so also did he have a gift for oratory. As late as 1949 he would hold student audiences 
at Cornell enthralled, and always there was a message, often with a bit of sting, in 
what he had to say. He could sense the pulse of an audience of 5,000 as well as one 
of a handful of persons, and his public addresses given in every state of the country 
numbered in the hundreds. One quality of Bailey that impressed all who have been 
associated with him, or who have come to him for counsel, was his tolerance for the 
opinions of others and his understanding charity toward his critics. Many times, when 
working on Hortus Second, a colleague would encounter a recent taxonomic work 
where the conclusions were contrary to those proposed earlier by Bailey. Sometimes 
Bailey would be advised of them and asked for an opinion. The usual answer was, “Of 
course, we must follow Jones. His evidence is more complete and better than any I 
had!’’ Some of the published criticisms of his Rubus studies were caustic, or barbed 
with inuendo. While Dr. Bailey would have preferred the author to have raised the 
challenges in person or through correspondence, he never expressed feelings of bitter- 
ness, and certainly not of recrimination or anger. Throughout the years he was always 
ready to set aside whatever he was doing to give counsel or advice to those who sought 
it. He was not one to show impatience on being interrupted for good cause. 

Liberty Hyde Bailey may stand in the annals of botanical history as a productive 
man of great intellect, of forceful drive and personality, who, more than any of his 
colleages, labored diligently so that, through the efforts of the botanical fraternity, 
his fellow man might be better informed on the kinds of plant about him. Bailey was 
a botanist in his own right. But more than that, he was the common man’s botanist 
in that he applied the findings of his chosen science to the plants of the garden, of 
the cultivated fields, and of the forests. Mankind is richer by his labors——Grorce H. 
M. LAWRENCE, Cornell University. 


Albert Francis Blakeslee 


The sciences of botany and genetics lost a keen and energetic leader in the death of 
Albert Francis Blakeslee in his 81st year on November 16, 1954 in Northampton, Massa- 
chusetts. After retiring in 1941 as Director of the Department of Genetics, Carnegie 
Institution of Washington, Cold Spring Harbor, N. Y., A. F. Blakeslee accepted an 
invitation from Smith College to be the William Allan Neilson research professor of 
botany. At the age of 68 he set out with characteristic vigor to obtain research grants 
and to establish and direct the new Smith College Genetics Experiment Station. During 
the following twelve years nine graduate students working with him completed their 
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master’s degrees and four received the Ph.D. degree. At the same time an extensive 
research program was carried out resulting in over 70 publications by the staff. 

A. F. Blakeslee was born in Geneseo, N. Y., November 9, 1874, the son of a Metho- 
dist minister. He was graduated from Wesleyan University, obtaining his A.B. degree 
cum laude, in 1896. Undergraduate recognitions included election to Phi Beta Kappa, 
prizes in mathematics and chemistry, a college tennis championship, and a letter in 
football. 

After three years of teaching sciences and mathematics at the preparatory school 
level he began graduate studies at Harvard University and a year later, in 1900, re- 
ceived his A.M. Research in mycology, carried out under Professor Thaxter, led to com- 
pletion of his doctoral thesis ‘‘Sexual Reproduction in the Mucorineae.’’ He received 
the Ph.D. degree in 1904 and his thesis, published the same year, earned immediate 
recognition for the important discovery of sexuality in the lower fungi and for the 
revolutionary effect this had on understanding sexual reproduction among the lower plants. 


A. F. Blakeslee, November 9, 1874—November 16, 1954 
(Photo by courtesy of Harold H. Smith) 


As a result of his many scientific achievements, Dr. Blakeslee was awarded honorary 
doctor’s degrees from the University of San Mareos (Peru), University of Delhi (In- 
dia), Yale, Smith, Wesleyan, University of Paris and the University of Arkansas. 

From 1907 to 1915 he was professor of botany at the Connecticut Agricultural Col- 
lege, Storrs, Connecticut. During this time he began studies on a variety of experimental 
materials including the domestic fowl, Rudbeckia, Adzuki beans and Datura. The book 
‘*Trees in Winter’’ was published in 1913. 

In 1915 Dr. Blakeslee accepted a position as resident investigator in plant genetics 
at Carnegie Institution, Long Island, N. Y. In 1923 he was appointed Assistant Director, 
during 1934-35 he was Acting Director, and in 1936 he became Director. 
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Albert F. Blakeslee married Margaret Bridges in 1919. She died in 1947. They had 
no children. 

His main research interest through the years was concentrated on the genetics and 
cytology of Datura stramonium and the nine other species of the genus. The tetraploid 
form of this plant was found and studied early in the program. In 1921 the trisomic 
mutant ‘‘Globe’’ was reported and the following year the haploid form was described, 
the first haploid higher plant known. His investigations on extra-chromosomal types and 
the role played by each chromosome in inheritance are genetical classies. In collabora- 
tion with the late Dr. John Belling, he was the first to demonstrate the interchange of 
segments between non-homologous chromosomes and the consequent cytological differences 
by which these could be recognized. In 1937 he began a series of publications on the 
effective use of colchicine to increase the number of chromosomes in plants. This opened 
up a far-reaching field of investigation on artificially-induced polyploidy which had 
both theoretical and practical implications. 

Chief emphasis of the Datura work at the Smith College Genetics Experiment Sta- 
tion was on genetical and physiological investigations of incompatibility in species crosses 
including detailed studies of ovule and embryo development. On the basis of the Datura 
research Dr. Blakeslee won prizes awarded by the New York Academy of Sciences, the 
Palais de la Decouverte (Paris), and the Massachusetts Horticultural Society. 

Albert F. Blakeslee’s interests also extended into problems of human genetics. He 
studied differences in ability to taste and smell and traced their inheritance through 
families. Phenyl-thio-carbamide (PTC), mannose, and other chemicals were used in the 
taste tests and flowers, such as Freesias and Verbena, to test smell. 

He and his research associates contributed over 300 scientific articles and many of 
these were delivered as papers or demonstrations at congresses and society meetings 
where he was a familiar figure. 

In addition to research activities A. F. Blakeslee found time to act as Director of 
the National Science Fund; Visiting Lecturer in Genetics at Harvard (1948-49); and 
member of the National Research Council, the Trustees of ‘‘ Biological Abstracts,’’ and 
the Board of Managers of the New York Botanical Garden. 

He was elected to membership in the National Academy of Sciences and the Ameri- 
can Philosophical Society. Among the other scientific societies of the United States of 
which he was a member he held offices in the American Association for the Advancement 
of Science (President, 1940), American Society of Naturalists (President, 1930), Botan- 
ical Society of America (President, 1950), Human Genetics Society (Vice President, 
1953), Society for Study of Development and Growth (President, 1946) and Torrey 
Botanical Club (Assistant Editor, 1924; President 1953). He also held membership in 
the American Eugenie Society, American Genetics Association, Association for Research 
on Human Heredity, Genetics Society of America, New England Botanical Club, Phi 
Beta Kappa Society, and Sigma Xi. 

Dr. Blakeslee was a member of the following foreign scientific societies: Botanical 
Society of India; Genetics Society of Japan; Institut de France, Academie des Sciences; 
Linnean Society, London; Moscow Society of Naturalists (honorary) ; Mycological So- 
ciety of Leningrad (honorary); National Institution of Science of India (honorary) ; 
Nederlandsche Botanische Vereniging; Royal Academy of Belgium; Royal Danish Acad- 
emy of Science; Royal Physiographical Society of Lund, Sweden; Royal Swedish Acad- 
emy of Science; Société de Biologie de Paris; and Sociétée Royal de Botanique de Bel- 
gique. 

It was characteristic of A. F. Blakeslee that he enjoyed association with a group of 
researchers and many of his technical papers were in joint authorship with one or more 
cooperators. Althogether he published with 54 different co-authors. The loyalty engen- 
dered among those who worked closely with him is exemplified by the 30 years of coopera- 
tive research by Miss Sophie Satina. They were co-authors on about 35 publications. A 
number of young assistants worked under Dr. Blakeslee and to those who showed interest 
he gave attention and encouragement. 

Albert Francis Blakeslee will be remembered for his contributions to the sciences 
of botany and genetics, uniquely so in the latter since his research career coincided closely 
to the first fifty years of its development. A colorful personality, he gave generously of 
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his time and of himself to his chosen profession and to the institutions with which he was 
associated.—HAroLp H, Smitu, Cornell University. 


Book REVIEWS 


North American Prairie. By J. E. Weaver, Johnsen Publishing Co., Lin- 
coln, Nebraska. xii + 348 pp. 87 figs. 1954. $5.00. 


This work constitutes an excellent summarization of studies of vegetation which 
have been conducted within the area which has been designated as the ‘‘true prairie’’ 
(Stipa-Sporobolus Association) by Weaver and Clements.! This unit of grassland extends 
from northern Texas to southern Manitoba between the oak-hickory section of the de- 
ciduous forest and the mixed prairie (Stipa-Bouteloua Association) of the drier grass- 
land to the west. A comprehensive treatment of the ecology of this grassland area is 
only possible because of the tremendous effort which the author has expended in investi- 
gations of autecology and synecology during the past four decades in eastern Nebraska 
and the adjoining states. These investigations have resulted in scores of papers which 
have been drawn upon heavily in the present book. Weaver’s contribution to the knowl- 
edge of grassland ecology in the eastern Great Plains should not be measured only by 
the fact that he has been associated with, or has stimulated his students to conduct, the 
investigations which resulted in about one-half of all the research papers which have 
been prepared concerning the vegetation of the region. In addition, we must take into 
account the fact that each of his projects has been much more extensive than most of 
the others mentioned. 

This book has been prepared in a way which will make it interesting reading for all 
those who are interested in the general subject, without decreasing its value to those 
who are seeking detail. Even an intimate knowledge of Weaver’s research papers will 
not reduce the value of the book to the readers, for here the various pheses of grassland 
ecology are carefully interwoven. The numerous illustrations of habitat, plant and parts 
of plants are superb. 

While a complete list of the subjects discussed would be too lengthy to present here, 
the following items are included: a generai treatment on the nature of grassland and 
grasses (which has comprised the introduction to Weaver’s well-attended courses at 
Nebraska), a discussion of the composition of plant communities of prairie, the ecologi- 
eal relations with the habitat (both aerial and edaphic) of each of the principal grasses 
and forbs, the effect of various environmental factors on the vegetation, the effects of 
the presence of plant cover in modifying the habitat, and plant-soil relationships. One- 
third of the text is devoted to the story of the effect of the drought of the 1930’s on 
prairie vegetation. Fortunately, Weaver had just completed his extensive investigation 
of the composition and classification of communities of upland virgin prairie before the 
drought began in 1934. He seized the opportunity to continue his work throughout the 
drought in the sites he knew so intimately. These records have permitted Weaver to 
make a contribution which may never be duplicated in the rapidly decreasing extent of 
native grassland on the Earth’s surface. 

The ultimate aim of grassland ecologists will be to attempt to simulate Weaver’s 
work in the other five or six major units of the North American Grassland and in grass- 
land elsewhere.—R. T. COUPLAND, University of Saskatchewan. 


Contributions to the Morphology of the Delesseriaceae. By Florence 
S. Wagner, University of California Publications in Botany 27: 279-346. 
lil. Berkeley and Los Angeles. 


The morphology and reproduction of comparatively few members of the Delesseria- 
ceae are known. More than half of the genera in the family have not been investigated, 


1 Weaver, J. E., and F. E,. Clements. Plant Ecology. 2nd Ed. McGraw-Hill Book Co., 
Ine., New York. 1938. 
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or they need reinvestigation. Many of the members of the family are rare or grow in 
remote areas of the world. Knowledge of the morphology and ontogeny of the group 
will help in understanding the relationships within the group and establishing a satis- 
factory classification. 

The present work is a valuable addition to our understanding of the Family. De- 
tailed information on the structure of the thallus and the development of the reproduc- 
tive organs are included for representatives of 13 genera, none of these having pre- 
viously been investigated and reported. Excellent figures are given showing details of 
the thallus development and stages in the growth of the reproductive organs. The gen- 
era included here are: Branchioglossum, Bartoniella, Phitymophora, Botryocarpa, Holme- 
sia, Marionella, Laingia, Abroteia, Neuroglossum, Polycoryne, Hymenena, Botryoglossum 
and Gonimophyllum. A bibliography is included.—EpwIn T. Mout, Rutgers University. 


The Plant Quarantine Problem. By W. A. McCubbin. Chronica Bo- 
tanica. Waltham, Mass. 1954. $4.80. 


The appearance of this book is the first successful culmination of such directed 
efforts on the subject of plant quarantines operation in the United States. Rumors and 
reports of the imminent completion and publication of other comprehensive treatises on 
this subject have thus far not progressed beyond expectation. This document is a fitting 
and most weleome climax to a career embracing 31 years of intimate and perplexing 
association with the administration of plant quarantines, both State (Pennsylvania) and 
Federal. 

The level of presentation is for the laity. This reviewer is of the opinion that the 
idea to attempt to educate the American public, affected directly or indirectly by plant 
quarantines, had its genesis in the author’s harrowing experiences (1920-1925) during 
the early years of the enforcement of the State Potato Wart Quarantine in Pennsyl- 
vania. Much to the official dislike, the services of local sheriffs were frequently solicited 
to compel compliance by individuals who stamped such action as an invasion of their 
property rights. The necessity of such drastic action to safeguard the potato industry 
of the Northern United States was beyond the immediate comprehension of these ag- 
grieved property owners. Can public education with the hoped-for end products of ac- 
quiescence and cooperation be substituted for compulsion? Can resistance and defiance 
be mellowed into a sympathetic understanding? The author with an affirmative faith 
was impelled to incarnate his ideas into this book which should serve as a medium for 
dissemination of information pertaining to the needs, objectives and administration of 
plant quarantines. 

Accordingly the book carries chapter titles: biological background, social and eeo- 
nomic relations, legal features, administration aspects, current quarantine problem 
examined, appraisal and outlook world .situation, and a historical summary of Federal 
plant disease quarantines. 

Three hundred pages comprise this book. The paper quality is excellent; the typog- 
raphy is designed for easy reading. The chapter titles are embellished by unique and at- 
tractive head pieces. 

Various channels of communication of this plant quarantine information to the 
citizenry of this Country are suggested by the author. The biology department of the 
high schools and colleges, the vocational agricultural schools and the garden clubs should 
become centers of dissemination of such information. Practically every community in 
the country is located in an area where plant quarantines are operative. The acquaint- 
anceship with the local quarantine enforcement should serve as a foundation to an un- 
derstanding of national and interational involvements. 

Colleges and Universities offering courses in economic entomology and plant pathol- 
ogy will undoubtedly welcome this book as a long overdue aid to their teaching. Instruc- 
tion in this important aspect of plant disease and insect control has been inevitably 
perfunctory because of the necessity to organize a presentation from a widely scattered 
array of unconsolidated material. And, if the instructor is devoid of, or of limited ex- 
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perience in the field of plant quarantine administration he may be insecure in his in- 
terpretations. 

To the plant quarantine administrators and inspectors (for whom the book is not 
primarily intended) this book may appear very elementary. Nevertheless, morsels of 
revealing, provocative and useful information will be frequently encountered as the 
treatise unfolds. This book records the perspective of a seasoned, experienced and thought- 
ful colleague, and as such a reference for future re-examination. Oral declarations on this 
subject, even though of currently recognized import, are subject to evanesence and 
ultimate oblivion. 

Mr. MeCubbin embarked on an educational project, aided by his book as the vehicle, 
to ‘‘present the subject as a whole, bringing together all its aspects in such form as to 
constitute an overall review.’’ This objective has been admirably attained. The bibliog- 
raphy is the most extensive since the Brookings Institution, U. 8. Government Service 
Monograph No. 59—‘‘ Plant Quarantine Control Administration’’ published in 1930. 

The extension of the appendix to include a comparable discussion of some of the 
insects (Japanese beetle, Gipsy moth, white fringed beetle, Mediterranean fruit fly) 
which are now the subject of plant quarantines would have added to its completeness.— 
Epaar G. Rex, New Jersey Department of Agriculture. 


Plant Physiology. By Jacob Leavitt. 156 pages. illustrated. Prentice- 
Hall. 1954. $5.00. 


This book, intended for a one semester course of some thirty lectures, cannot treat 
with all the topics frequently considered in the province of plant physiology. The topics 
chosen reflect both the author’s own interest and a modern trend in undergraduate 
courses in plant physiology to emphasize cellular physiology and biochemistry. 

The Introduction (Part I) consisting of 11 pages, emphasizes the dependence of 
physiology on the basic concepts of physics and chemistry and some of the features of 
cellular structure and function which are basic to the concepts introduced later. 

Part II, 60 pages, is called Plant Biophysics and Biophysical Chemistry. It includes 
chapters on Hydrogen-Ion Concentration, Surface Forces, and Other Colloidal Phenom- 
enon, Diffusion and Osmosis, Permeability, Adsorption, The Ascent of Sap, Transloca- 
tion of Solutes, and The Exchange of Gases. These topics are in the area of the author’s 
research interests and are presented in a clear and interesting fashion. 

Part III, 40 pages, is entitled Plant Biochemistry and includes Nutrition, Metab- 
olism, Respiration, Photosynthesis and Other Aspects of Metabolism. The fourth part 
of the book is entitled Growth and consists of 23 pages in 4 chapters: Growth, Growth 
Movements, Growth Substances, and Development. 

Appended to each chapter is a list of references, to original sources in journal articles, 
review articles and monographic treatments. The references are well chosen to deal ade- 
quately with the topic concerned. The author in his textual treatment moves rapidly from 
a descriptive level to the introduction of important but difficult concepts which require 
some, and often, considerable background information to understand fully. These con- 
cepts are not developed at length in this rather brief treatment. Hence the student with 
an inadequate background will find it necessary to read extensively in the reference 
literature to round out a thorough understanding of the subjects covered in the text. 

The book is attractively printed and bound, and is written in a clear and interesting 
fashion.—JAMES W. MARVIN, University of Vermont. 


Outlines of Enzyme Chemistry. By J. B. Neilands, Department of 
Biochemistry, and Paul K. Stumpf, Department of Plant Biochemistry, 
University of California, Berkeley. John Wiley and Sons, Inc., 440 Fourth 
Avenue, New York 16, N. Y. 1955. x + 315 pp. $6.50. 


This book is intended for beginning graduate students and for research workers in 
fields other than enzymology. Not only is it well suited to this audience but will un- 
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doubtedly be read with interest by enzymologists. Here is a concise but surprisingly 
complete coverage of the basic principles written in a clear and readable manner. 

The subject is developed under four main headings: General Principles, Physical 
Chemistry, Types of Coenzymes, and Enzymes and Metabolic Patterns. The approach is 
that of workers in the field. Consideration is given to the experimental methods and in- 
terpretation of observations as well as the shortcomings and difficulties of the methods 
and indication of the questions unanswered. By use of specific examples of experimental 
data, the reader is exposed not only to the principles of enzyme chemistry, but also to 
their development and application. For those topics which require mathematical treat- 
ment the authors have included simple algebraic manipulations so that the reader may 
direct his attention to the purpose of the manipulations and the ideas being developed. 
As each topic is developed, well selected reference to review articles and recent literature 
provides a means for a more detailed development as it is desired. The blend of prae- 
tical and theoretical arouses interest and prevents the subject from being merely exercise. 

In discussing metabolic patterns the authors indulge in the common and accepted 
practice of using abbreviations for names of compounds and systems. Although the reason 
for such practice is obvious, it could be confusing to the uninitiated. Because of the 
audience for which the book is intended, it is suggested that the page of nomenclature 
which precedes the text be extended to include all the abbreviations used. It is doubtful 
that on page 271 the general reader will recognize TPP as thiamine pyrophosphate as 
explained in the previous chapter on page 261. 

The charts and tables are numerous and clear and should add to the usefulness of 
the book. The authors are to be commended for including an excellent introduction to 
energetics. Until recently energy relationships have been neglected by biochemistry texts 
and general discussions of enzymatic reactions, yet it is the subject about which many 
botanists and physiologists are asking questions of their biochemist friends. This book 
is enjoyable reading and is well reeommended.—FrRaAncis L. Estes, Department of Chem- 
istry, Douglass College, Rutgers University. 


Speciation and Variation in Asexual Fungi. by K. B. Raper (Chair- 
man), L. Anderson, E. J. Backus, M. P. Backus, R. G. Benedict, R. E. 
Buchanan, P. R. Burkholder, T. H. Campbell, A. Dietz, B. M. Duggar, E. 
L. Dulaney, J. Ehrlich, H. N. Hansen, C. W. Hesseltine, K. L. Jones, D. M. 
MacLeod, N. M. McClung, W. J. Nickerson, T. G. Pridham, W. C. Snyder, 
J. F. Stauffer, S. H. Sun and C. Thom. Published as Annals of the New 
York Academy of Sciences 60 (Art. 1): 1-182. 1954. 


The participants in this symposiunt on™“ ‘Speciation and Variation in Fungi’’ pointed 
out that because they were dealing with non-sexual forms it was necessary for investi- 
gators to determine what characters were most suitable for species delimitation. Elimina- 
tion of highly variable characters should leave those that are suitable for use. 

That variation among single-spore isolates of a culture may give rise to noticeable 
differences was discussed in Fusarium, Beauveria and actinomycetes. Variation among 
natural isolates that appear to be one species was discussed for Fusarium, Beauveria 
and other entomogenous fungi and especially in several species of Streptomyces. Varia- 
tion due to nutritional factors was repeatedly observed in nearly all fungi under con- 
sideration. The effect of mutagenic treatments in giving rise to variants was an impor- 
tant part of papers dealing with Penicillium chrysogenum, Streptomyces aureofaciens, 
and S. griseus. 

Methods of study of bacteria, actinomycetes and some other fungi were outlined 
and evaluated. Especially for the genus Streptomyces was there noteworthy elaboration 
of methods and media and comments on the problems of speciation. 

If the viewpoint expressed in these papers prevails, we may expect to see more and 
more specific names in lists of synonyms and to find the concept of ‘‘ species aggregate’’ 
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being used more frequently in efforts to make workable and satisfactory disposition of 
fungal cultures of certain genera. 
This well-illustrated series of papers summarizes nicely much of our present knowl- 
edge about methods of studying certain fungi and is a useful addition to our literature, 
JOHN B. Rovutien, Department of Biochemical Research, Chas. Pfizer and Co., Ine., 
srooklyn 6, New York. 


Auxins and Plant Growth. By A. Carl Leopold. University of Calli- 
fornia Press, Berkeley 4, California. pp. vii + 354. 1955. $5.00. 


One of the largest gaps in the chain of knowledge linking pure and applied science 
is the failure of the pure research worker to make available the basic concepts implicit 
in his work in a form understandable to the technical worker. This is true in plant 
physiology and plant biochemistry where research reports are accumulating at a rate 
beyond the capacity of any worker even to stay abreast of his own specialty, much less 
in related but equally germane branches of the science. In areas of research, well illus- 
trated by the auxins, where technical applications of research findings are often made 
before the ink is completely dry on the journal page, the problem is very acute. It is 
here that Dr. Leopold has attempted, with considerable success, to put together the perti- 
nent findings and give the technologist the necessary background to use intelligently the 
plethora of information available to him. 

This book is divided into two main sections, the first being an abbreviated course 
in the physiology and biochemistry of auxins, the second dealing with the agricultural 
and horticultural applications of the basic findings. This procedure permits the technical 
worker to grasp the fundamental rationale upon which, to be successful, all technical 
applications must be based. The first section is not, however, sufficiently detailed or 
documented to supplant the chapters available in the Annual Reviews and is, therefore, 
not suitable for advanced research workers in plant physiology. An important eriticism 
is the failure of the author to differentiate between known facts and postulates for 
which proof is still lacking. This is particularly noticeable in those chapters dealing 
with the mechanisms of auxin action and the effects of auxins on development. This does 
not seriously detract from the value of the volume for the applied scientist. 

The organization of the sections on pure and applied aspects is parallel throughout 
the book and is well integrated. The figures are clear, well made and all of them comphi- 
ment the well-printed, readable text. An adequate bibliography and index are included. 
The book will be of considerable utility to workers in applied agriculture and _ horti- 
culture.—RiIcHARD M. KLEIN, New York Botanical Garden. 


NoTE 


The purchase of Mettler’s Woods has been completed by a memorial grant from the 
United Brotherhood of Carpenters and Joiners of America. A ceremony of dedication 
and title change will be held at the Woods and at Rutgers University on October 15, 
1955. The Torrey Botanical Club is invited to participate. 

The Appalachian Trail work trip of April 24 was rained out before completing 
its tasks. The Trail in our section is easily travelled and we shall return to complete 
clearing and painting blazes on October 22, Saturday. Bring your tools and enjoy 
the autumn color of Kittatinny Ridge. Meet at Blairstown post office at 10:00.—J. A. 8. 





BULLETIN OF THE TORREY BOTANICAL CLUB 
Vou. 82, No. 4, pp. 313-323 Juuy, 1955 


n of us 








nowl- 


ane INDEX TO AMERICAN BOTANICAL LITERATURE 


Ine., 
COMPILED BY 


ali- LAZELLA SCHWARTEN 


WITH THE COLLABORATION OF THE EDITORS OF THE TAXONOMIC INDEX 


lence 
plicit TAXONOMY, PHYLOGENY AND FLORISTICS 
plant ALGAE 
rate Desikachary, T. V. On a Helminthora from New Zealand. Am. Jour. Bot. 42: 
a leas 126-131. 28 F 1955. 
a Fensholt, Dorothy E. An emendation of the genus Cystophyllum (Fucales). 
It is Am. Jour. Bot. 42: 305-322. 16 Mr 1955. 
perti- Johnson, T. W. Inoculation studies with a polysporangiate Rozella parasitic 
y the in Dictyuchus anomalus. Am. Jour. Bot. 42: 119-123. 28 F 1955. 

Tiffany, L. H. Geographic distribution of the North American species of the 


ourse Oedogoniaceae. Am. Jour. Bot. 42: 293-296. 16 Mr 1955. 
ltural 


nical BRYOPHYTES 

nical Andrews, A. LeRoy. Taxonomic notes. XII. The families Rhytidiaceae and 
oe Hylocomiaceae. Bryologist 57: 251-261. D 1954. 

saleall Bartram, Edwin B. Mosses of the Ungava Peninsula, northeastern Canada. 
. on Bryologist 57: 273-278. D 1954. 
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Meijer, Wim. Collecting bryophytes in Borneo. Bryologist 57: 261-272. D 1954. 


FUNGI 
(See also under Morphology: Bredie) 
Alexopoulos, Const. & Beneke, E. 8. Myxomycetes from Jamaica. Brit. Mycol. 
Soe. Trans. 37: 306-313. 24 S 1954. 
m the Backus, E. J. et al. Variation in Streptomyces aureofaciens. Ann. N. Y. Acad. 
vation 60: 86-101. 29 O [D] 1954. 
r 16, Benjamin, R. K. New genera of Laboulbeniales. Aliso 3: 183-197. 1 Ap 1955. 
Burkholder, Paul R. et al. Criteria of speciation in the genus Streptomyces. 
leting Ann. N. Y. Acad. 60: 102-123. 29 O [D] 1954. 
iplete Dietz, Alma. Ektochrome transparencies as aids in actinomycete classification. 
“- Ann, N. Y. Acad. 60: 152-154. 29 O [D] 1954. 
A. Duggar, B. M. et al. Types of variation in Actinomycetes. Ann. N. Y. Acad. 
60: 71-85. 29 O [D] 1954. 
Dulaney, Eugene L. Induced mutation and strain selection in some industrially 
important microorganisma. Ann. N. Y. Acad. 60: 155-167. 29 O [D] 1954. 
Hale, Mason E. Xanthoparmelia in North America. I. The Parmelia conspersa- 
stenophylla group. Bull Torrey Club 82: 9-21. 16 F 1955. 
Hesseltine, C. W. et al. Useful criteria for species differentiation in the genus 
Streptomyces. Ann. N. Y. Acad. 60: 136-151. 29 O [D] 1954. 
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Ivengar, M. O. P. & Krishnamurthy, V. A note on Aseroe rubra (LaBill.) Fries 
var. ceylanica (Berk.) Ed. Fischer from South India. Lloydia 17: 257-262, 
D 1954 [18 Mr 1955}. 

Jenkins, Anna E. & Bitancourt, A. A. Studies in the Myriangiales IV. Sphace- 
loma hesperethusae sp. nov. on Hesperethusa and Pleiospermium. Brit. 
Mycol. Soe. Trans. 37: 236-239. pl. 7, 8. 24 S 1954. 

Jones, K. L. Variation in Streptomyces. Ann. N. Y. Acad. 60: 124-135. 29 O 
[D] 1954. 

Luttrell, E. S. The Cladoniaceae of Virginia. Lloydia 17: 275-306. D 1954 [18 
Mr 1955}. 

MacLeod, Donald M. Natural and cultural variation in entomogenous Fungi 
Imperfecti. Ann. N. Y. Acad. 60: 58-70. 29 O [D] 1954. 

McClung, Norvel M. Morphological studies in the genus Nocardia. Til. The 
morphology of young colonies. Ann. N. Y. Acad. 60: 168-181. 29 O [D] 
1954. 

Mains, E. B. Species of Cordyceps [2 new] on spiders. Bull. Torrey Club 81: 
492-500. 30 D 1954. 

Raper, Kenneth B. Introduction [to Speciation and variation in asexual fungi]. 
Ann. N. Y. Acad. 60: 3-5. 29 O [D] 1954. 

Smith, Helen V. A revision of the Michigan species of Lepiota. Lloydia 17: 
307-320. D 1954 [17 Mr 1955]. 

Snyder, William C. & Hansen, H. N. Variation and speciation in the genus 
Fusarium. Ann. N. Y. Acad. 60: 16-23. 29 O [D] 1954. 

Stauffer, J. F. & Backus, M. P. Spontaneous and induced variation in selected 
stocks of the Penicillium chrysogenum series. Ann. N. Y. Acad. 60: 35-49. 
29 O [D] 1954. 

Thirumalachar, M. J. & Kern, Frank D. The rust genera Allotelium, Atelocauda, 
Coinostelium and Monosporidium. Bull. Torrey Club 82: 102-107. 23 Mr 
1955. 

Thom, Charles. The evolution of species concepts in Aspergillus and Penicillium. 
Ann. N. Y. Acad. 60: 24-34. 29 O [D] 1954. 

Thomson, John W. Lichens of the 1951 foray to the north shore of Lake Supe 
rior. Bryologist 57: 278-291. D 1954. 

Townsend, Brenda B. Morphology and development of fungal rhizomorphs 
| Merulius, Collybia, Flammula, Crucibulum, Cyathus, Lycoperdon, Armil- 
laria, ete.|. Brit. Mycol. Soe. Trans. 37: 222-233. 24 8 1954. 

Townsend, Brenda B. & Willetts, H. J. The development of sclerotia of certain 
fungi [| Rhizoctonia, Botrytis, Sclerotium]. Brit. Mycol. Soc. Trans. 37: 
213-221. 24 S 1954. 
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PTERIDOPHYTES 
(See also under Spermatophytes: Breitung) 

Arnold, Lillian E. & Beckner, John. A fern genus new to the United States. 
Am. Fern Jour. 45: 10, 11. Ja—Mr 1955. 

Crane, Fern Ward. Spore studies in Dryopteris. II. Dryopteris celsa and D. 
separabilis. Am. Fern Jour. 45: 14-16. Ja—Mr 1955. 

Crawford, Lloyd C. New stations for Dryopteris setigera. Am. Fern Jour, 44: 
158, 159. 13 D 1954. 

Duncan, Wilbur H. New records for Georgia ferns. Am. Fern Jour. 45: 1-10. 
Ja—Mr 1955. 

Duncan, Wilbur H. Polypodium aureum in Florida and Georgia. Am. Fern 
Jour. 44: 155-158. 13 D 1954. 
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Elliott, E. A. Cultivation of American ferns in England. Am. Fern Jour. 45: 
19-21. Ja—Mr 1955. 

Linsdale, Jean M. Check list of ferns and seed plants of Frances Simes Hast- 
ings Natural History Reservation. Leafl. West. Bot. 7: 201-218, 28 F 1954. 

Morton, C. V. A note on a species of Cyathea. Am. Fern Jour. 44: 147, 148. 
13 D 1954. 

Morton, C. V. Notes on Elaphoglossum. III. The publication of Elaphoglossum 
and Rhipidopteris. Am. Fern Jour. 45: 11-14. Ja—Mr 1955. 

Morton, C. V. & Neidorf, Charles. The northern beech-fern. Am. Fern Jour. 
45: 17-19. Ja—Mr 1955. 

Soper, James H. The hart’s tongue fern in Ontario. Am. Fern Jour, 44: 
129-146. 13 D 1954. 

Tryon, Alice F. A new Pellaea from South Africa. Ann. Missouri Bot. Gard. 
42: 101, 102. pl. 7. F [Mr] 1955. 

Tryon, Rolla M. Selaginella rupestris and its allies. Ann. Missouri Bot. Gard. 
42: 1-99. pl. 1-6. F [Mr] 1955. 


SPERMATOPHYTES 

Alain, Hermano. Novedades en la flora de Cuba. V. Contr. Ocas. Mus. Hist. 
Nat. Col. ‘‘ De La Salle’’ [Havana] 14: 1-14. F 1955. 

Artschwager, E. Taxonomic study of Saccharum sinense Roxb. and S. barberi 
Jeswiet. U. S. Dep. Agr. Tech. Bull. 1089: 1-87. 1954. 

Baldwin, J. T. & Speese, Bernice M. Chromosomes of Elephantopus and of 
Pluchea in the range of Gray’s Manual of Botany. Am. Jour. Bot. 42: 
23-125. 28 F 1955. 

Barkley, Fred A. Notes on Lycium (Solanaceae). Lloydia 17: 332-334. D 1954 
[18 Mr 1955]. 

Benjamin, R. K. An addition to the genus Magnusia. Aliso 3: 199-201. 1 Ap 
1955. 

Bormann, F. H. & Beatty, A. V. Chromosome studies of plants from the Arctic 
slope of Alaska I. Ranunculaceae. Bull. Torrey Club 82: 118-120. 23 Mr 
1955. 

Breitung, August J. A botanical survey of the Cypress Hills [Saskatchewan and 
Alberta]. Canad. Field-Nat. 68: 55-92. Ap—Je [N] 1954. 

Celarier, Robert P. Cytology of the Tradescantieae. Bull. Torrey Club 82: 30-38. 
16 F 1955. ‘ 

Cleland, Ralph E. Evolution of the North American Euoenotheras: the strigosas. 
Proc. Am. Philos. Soc. 98: 189-203. 15 Je 1954. 

Crampton, Beecher. A new variety of Stipa Lemmoni. Leafl. West. Bot. 7: 
220. 28 F 1955. 

Crampton, Beecher. Scribneria in California. Leafl. West. Bot. 7: 219, 220. 
28 F 1955. 

Cronquist, Arthur. A new variety [palmeri] of Solidago ulmifolia. Rhodora 
57: 36. Ja [28 F] 1955. 

Dawson, E. Y. & Rush, H. G. A monstrose Selenicereus from Cuba. Cactus & 
Suee. Jour. 26: 180, 181. N 1954. 

Dugand, Armando. Sobre algunas Jacaranda (Bignoniaceae) de Colombia y 
Venezuela. Mutisia 23: 1-16. 18 D 1954. 

Dunn, David B. A new subspecies of Lupinus ly i’). Aliso 3: 171, 172. 1 Ap 
1955. 

Dunn, David B. Taxonomy of Lupinus, group Micranthi Leguminosae) of the 
Pacific Coast. Aliso 3: 135-171. 1 Ap 1955. 
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Edwin, Gabriel. A new species and new variety of Mimulus from Nevada. 
Leafl. West. Bot. 7: 221, 222. 28 F 1955. 

Erdtman, G. Pollen morphology and plant taxonomy. Bot. Not. 1954: 65-81. 
22 Je 1954. 

FPreter, L. Ernest & Brown, Walter V. A cytotaxonomic study of Bouteloua 
curtipendula and B. uniflora. Bull. Torrey Club 82: 121-130. 23 Mr 1955. 

Glade, George. Coryphantha arizonica in California. Cactus & Succ. Jour. 26: 
177. N 1954. 

Grant, Alva & Grant, Verne. The genus Allophyllum (Polemoniaceae). Aliso 
3: 93-110. 1 Ap 1955. 

Graves, Arthur Harmount. Winter keys to woody plants. 1-33. Wallingford, 
Conn. 1955. 

Hitchcock, C. Leo. The Otis manna-grass. Leafl. West. Bot. 7: 222-224. 28 F 
1955. 

Hodgdon, A. R. Ilex glabra and a new station for Kalmia latifolia in New 
Hampshire. Rhodora 57: 34-36. Ja [28 F] 1955. 

Hoehne, F. C. Flora brasilica (Orechidféceas). Fase. 10. (12, 17: 115-147) 
1-397. pl. 1-181. Seer. Agr. Indust. & Com. 8S. Paulo, 1953. 

Huttleston, Donald G. Lysichiton versus Lysichitum. Bull. Torrey Club 82: 
134, 23 Mr 1955. 

Iitis, Hugh H. Capparidaceae of Nevada. Jn: Contributions toward a flora of 
Nevada 35: 1-24. U. 8. Dep. Agr. Div. Pl. Expl. Bur. Pl. Ind. 28 F 1955. 

Jones, Melvin D. & Tamargo, Manuel A. Agents concerned with natural crossing 
of kenaf in Cuba. Agron. Jour, 46: 459-462. O 1954. 

Li, Hui-Lin. Davidia as the type of a new family Davidiaceae. Lloydia 17: 
329-331. D 1954 [18 Mr 1955]. 

MacDougall, T. Pterocereus [foetidus] in Mexico. Cactus & Suce. Jour. 26: 
171, 172. N 1954. 

McGilliard Eleanor. The family Liliaceae in Tennessee. Jour. Tenn. Acad. 30: 
19-26. Ja 1955. 

Monachino, Joseph. A yellow flowered silver-rod. Bull. Torrey Club 82: 62, 63. 
16 F 1955. 

Munz, Philip A. & Roos, John C. California miscellany III. Aliso 3: 111-129. 
1 Ap 1955. 

Rousseau, Jacques. One plant name in search of an author. Taxon. 4: 40-42. 
Mr 1955. 

Sandwith, N. Y. Contributions to the flora of tropical America LVII: Studies 
in the Bignoniaceae, XX. Kew Bull. 1954: 597-614. LVIII: The identity 
of Dioscorea cubijensis R. Kunth. 614-616. [Mr] 1955. 

Schweinfurth, Charles & Schultes, Richard Evans. A new dwarf Habenaria 
| pygmaea] from Amazonian Colombia. Am. Orchid Soc. Bull. 23: 820-822 
D 1954. 

Tamargo, Manuel A. & Jones, Melvin D. Natural cross-fertilization in kenaf. 
Agron. Jour. 46: 456-459. O 1954. 

Thomas, John H. A new combination in Fremontodendron. Leafl. West. Bot. 
7: 224. 28 F 1955. 


‘ 
: 
. 
' 
* 
. 
. 
» 


—. 


wevecarrcrrec cs 


ECOLOGY AND PLANT GEOGRAPHY 
(See also under Spermatophytes: Breitung) 
Glock, Waldo 8. Tree growth. II. Growth rings and climate. Bot. Rev. 21: 
73-188. Ja—Mr 1955. 
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Vaartaja, Olli. Photoperiodie ecotypes of trees. Canad. Jour. Bot. 32: 392-399. 
pl. 1. My 1954. 
PALEOBOTANY 
Baxter, R. W. & Hartman, Emily L. The coal-age flora of Kansas. V. A. fossil 
coniferophyte wood. Phytomorphology 4: 316-325. N 1954. 
Mamay, Sergius H. Acrangiophyllum, a new genus of Pennsylvanian Pteropsida 
based on fertile foliage. Am. Jour. Bot. 42: 177-183. 28 F 1955. 


MORPHOLOGY 
(including anatomy and cytology in part) 


Beamish, Katherine I. Seed failure following hybridization between the hexa- 
ploid Solanum demissum and four Solanum species. Am. Jour. Bot. 42: 
297-304. 16 Mr 1955. 

Brodie, Harold J. Morphology and culture characteristics of a highly aber- 
rant Cyathus. Am. Jour. Bot. 42: 168-176. 28 F 1955. 

Cutter, Victor M. et al. Nuclear behavior and cell formation in the developing 
endosperm of Cocos nucifera. Am, Jour. Bot. 42: 109-115. 28 F 1955. 

Dnyansagar, V. R. Embryological studies in the Leguminosae VI. Inflorescence, 
sporogenesis, and gametophytes of Dichrostachys cinerea W. & A. and 
Parkia biglandulosa W. & A. Lloydia 17: 263-274. D 1954 [18 Mr 1955]. 

Garrison, Rhoda. Studies in the development of axillary buds. Am. Jour. Bot. 
257-266. 16 Mr 1955. 

Kaeiser, Margaret. Frequency and distribution of gelatinous fibers in eastern 
cottonwood. Am. Jour. Bot. 42: 331-334. 16 Mr 1955. 

Kaeiser, Margaret & Stewart, Kenneth D. Fiber size in Populus deltoides 
Marsh. in relation to lean of trunk and position in trunk. Bull. Torrey 
Club 82: 57-61. 16 F 1955. 

Lee, C. L. & Black, L. M. Anatomical studies of Trifolium incarnatum infected 
by wound-tumor virus. Am. Jour. Bot. 42: 160-168. 28 F 1955. 

McGahan, Merritt W. Vascular differentiation in the vegetative shoot of 
Xanthium chinense. Am. Jour. Bot, 42: 132-140. 28 F 1955. 

Marengo, Norman P. The relation of the cytoplasmic inclusions to the estab- 
lishment of tetrahedral symmetry in the spore quartet of Osmunda regalis. 
Bull. Torrey Club 81: 501-508. 30 D 1954. 

Palser, Barbara F. Studies of floral morphology in the Ericales III. Organog- 


raphy and vascular anatomy, in, several species of the Arbuteae. Phyto- 
morphology 4: 335-354. N 1954. 

Partanen, Carl R., Sussex, I. M. & Steeves, Taylor A. Nuclear behavior in rela- 
tion to abnormal growth in fern prothalli. Am. Jour. Bot. 42: 245-256. 
16 Mr 1955. 


Popham, Richard A. Zonation of primary and lateral root apices of Piswm 
sativum. Am. Jour. Bot. 42: 267-273. 16 Mr 1955. 

Smith, Frank H. Megagametophyte development in five species of Erythronium. 
Am. Jour. Bot. 42: 213-224. 16 Mr 1955. 

Sorokin, Helen P. Mitochondria and spherosomes in the living epidermal cell. 
Am. Jour. Bot. 42: 225-231. 16 Mr. 1955. 

Steeves, Taylor A., Sussex, I. M. & Partanen, Carl R. In vitro studies on ab- 
normal growth of prothalli of the bracken fern, Am. Jour. Bot. 42: 232- 
245. 16 Mr 1955. 

Sterling, Clarance. Nucellus and endosperm in the seed of Lima bean (Phaseolus 
lunatus L.). Bull. Torrey Club 82: 39-49. 16 F 1955. 
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Stokey, Alma G. & Atkinson, Lenette R. The gametophyte of Didymochlaena 
sinuata Desy. Phytomorphology 4: 310-315. N 1954. 

Torrey, John G. On the determination of vascular patterns during tissue differ- 
entiation in excised pea roots. Am. Jour. Bot. 42: 183-198. 28 F 1955. 
Walker, Ruth I. Cytological and embryological studies in Solanum, section 

Tuberarium. Bull. Torrey Club 82: 87-101. 23 Mr 1955. 

Wardlaw, C. W. Experimental and analytical studies of pteridophytes XXVI. 
Ophioglossum vulgatum: comparative morphogenesis in embryos and in- 
duced buds. Ann. Bot. II. 18: 397-406. pl. 21. O 1954. 

Weaver, Harry Lloyd. A comparative study of procambium initiation in hybrid 
and inbred maize. Am. Jour. Bot. 42: 105-108, 28 F 1955. 


GENETICS 
(including cytogenetics) 
(See also under Plant Physiology: Atwood & Mukai) 

Berger, C. A. & Witkus, E. R. The cytology of Xanthisma teranum D. C. I. 
Differences in the chromosome number of root and shoot. Bull. Torrey Club 
81: 489-491. 30 D 1954. 

Bishop, C. J. Mutations in apples induced by X-radiation. Jour. Hered. 45: 
99-104. Mr—Ap [Je] 1954. 

Brink, R. A. & Greenblatt, Irwin M. Diffuse, a pattern gene in Zea mays. 
Jour. Hered. 45: 46-50. Mr—Ap [Je] 1954. 

Brown, Charles M. & Shands, H. L. Behavior of the interspecific hybrid and 
amphiploid of Avena abyssinica x A. strigosa. Agron. Jour. 46: 557-559. 
D 1954. 

Clapper, Russell B. Chestnut breeding, techniques and results. Jour. Hered. 45: 
106-114. My—Je [Jl] 1954. 

Darrow, George M. & Borthwick, H. A. Fasciation in the strawberry. Inherit- 
ance and the relationship of photoperiodism. Jour. Hered. 45: 298-304. 
D 1954. 

Dollinger, E. J. & Singleton, W. R. Cytogenetic analysis of a spontaneous pre- 
meiotic mutation in maize. Jour, Hered. 45: 223, 224. S-O [N] 1954. 

Griffing, Bruce & Lindstrom, E. W. A study of the combining abilities of corn 
inbreds having varying proportions of corn belt and non-corn belt germ 
plasm. Agron. Jour. 46: 545-552. D 1954. 

Haney, W. J. Color genotypes of the greenhouse snapdragon. Jour. Hered. 45: 
146-148. My-—Je [Jl] 1954. 

Hanson, C. H. et al. Inheritance of reaction to two forms of root-knot nema- 
todes, Meloidogyne incognita and M. incognita var. acrita, in Korean 
lespedeza. Agron. Jour. 46: 446-448. O 1954. 

Harpstead, D. D. et al. The nature of chromatin changes of colchicine-induced 
variants in sorghum. Jour. Hered. 45: 254-258. D 1954. 

Harris, H. B. & Loden, Harold D. The relative growth rates of an F, hybrid 
of Gossypium hirsutum L. and its two parents. Agron. Jour. 46: 492-495. 
N 1954. 

Koopmans, A. Changes in sex in the flowers of the hybrid Solanum rybinii x 8. 
Chacoense. II. Plasmatie influences upon gene action. Genetica 27: 273- 
285. 1954. 

Lewis, C. F. The inheritance of cup leaf in cotton. Jour. Hered. 45: 127, 128. 
My-Je [Jl] 1954. 
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Marshall, Harold G. & Schmidt, John W. A study of the meiotic stability of cer- 
tain Agrotricum hybrids. Agron. Jour. 46: 383-388. Au 1954. 

Menzel, Margaret Y. & Brown, Meta 8S. The tolerance of Gossypium hirsutum 
for deficiencies and duplications. Am. Nat. 88: 407-418. N-D 1954 [F 
1955]. 

Pate, J. B. & Harvey, P. H. Studies on the inheritance of resistance in corn to 
Helminthosporium maydis leaf spot. Agron. Jour. 46: 442-445, O 1954. 
Pate, James B. et al. Interspecific and intervarietal hybridization in Sansevieria. 

Jour. Hered, 45: 69-73. Mr—-Ap [Je] 1954. 

Patel, G. I. & Olmo, H. P. Cytogenetics of Vitis: I. The hybrid of V. vinifera 
x V. rotundifolia. Am. Jour. Bot. 42: 141-159. 28 F 1955. 

Poole, D. Donald & Hadley, H. H. Haploidy in castorbeans. Jour. Hered. 45: 
285-288. D 1954. 

Reed, Sheldon C. African violet genetics. Jour. Hered. 45: 225-230. S-O [N] 
1954. 

Robinson, Richard W. & Rick, Charles M. New tomato seedling characters and 
their linkage relationships. Jour. Hered. 45: 241-247. S-O [N] 1954. 
Scarchuk, John. Fruit and leaf characters in summer squash. Jour. Hered. 

45: 295-297. D 1954. 

Swaminathan, M. 8. Microsporogenesis in some commercial potato varieties. 

Jour. Hered. 45: 265-272. D 1954. 


PLANT PHYSIOLOGY 

Ackley, Wm. B. Seasonal and diurnal changes in the water contents and water 
deficits of Bartlett pear leaves. Plant Physiol. 29: 445-448. S [N] 1954. 

Atwood, K. C. & Mukai, Frank. Survival and mutation in Newrospora exposed at 
nuclear detonations. Am. Nat. 88: 295-314. Jl-Au [N] 1954. 

Beatty, Alvin V. & Beatty, Jeanne W. Physiological effects of X radiation in 
various percentages of oxygen on Tradescantia microspores. Am. Jour. Bot. 
42: 288-292. 16 Mr 1955. 

Beeks, Richard M. Improvements in the squash technique for plant chromosomes. 
Aliso 3: 131-134. 1 Ap 1954. 

Bradley, Muriel V. & Crane, Julian C. The effect of 2, 4, 5-trichlorophenoxyace- 
tie acid on cell and nuclear size and endopolyploidy in parenchyma of apricot 
fruits. Am. Jour. Bot. 42: 273-281. 16 Mr 1955. 

Broyer, T. C. et al. Chlorine—a micronutrient element for [tomato] higher 
plants. Plant Physiol. 29: 526-532. N 1954 [Ja 1955]. 

Burkholder, Paul R. et al. The identity of viomycin-producing cultures of 
Streptomyces. Bull. Torrey Club 82: 108-117. 23 Mr 1955. 

Chapman, H. W. et al. The carbon dioxide content of field air. Plant Physiol. 
29: 500-503. N 1954 [Ja 1955]. 

Cheng, Sze-Chuh. The terminal respiratory enzymes in Neurospora tetrasperma. 
Plant Physiol. 29: 458-467. S [N] 1954. 

Clark, J. The immediate effect of severing on the photosynthetic rate of Norway 
spruce branches. Plant Physiol. 29: 489, 490. S [N] 1954. 

Conger, Alan D. Radiobiological studies with Tradescantia at nuclear test deto- 
nations. Am. Nat. 88: 215-224. Jl-Au [N] 1954. 

Cooke, Anson R. Changes in free auxin content during the photoinduction of 
short-day plants. Plant Physiol. 29: 440-444. S [N] 1954. 
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Diener, Urban L. Sporulation in pure culture by Stemphylium solani. 
pathology 45: 141-145. Mr 1955. 

Emerson, Mary R. Some physiological characteristics of ascospore activation 
in Neurospora crassa. Plant Physiol. 29: 418-428. S [N] 1954. 

Ewart, M. H. et al. Studies on the chemistry of the living bark of the black lo- 
cust in relation to its frost hardiness. VIII. Possible enzymatic processes 
involved in stareh-sucrose interconversions. Plant Physiol. 29: 407-413. 
S [N] 1954. 

Fang, 8S. C. & Butts, Joseph S. Studies on plant metabolism. IV. Comparative 

effects of 2,4-dichlorophenoxyacetic acid and other plant growth regulators 

on phosphorus metabolism in bean plants (continued). Plant Physiol. 29: 


Phyto- 


539. N 1954 [Ja 1955]. 
Gray, Reed A. Inhibition of root growth by streptomycin and reversal of the 
inhibition by manganese. Am. Jour. Bot. 42: 327-331. 16 Mr 1955. 


Henrickson, Carl E. The flowering of sunflower explants in aseptic culture. 
Plant Physiol. 29: 536-538. N 1954 [Ja 1955]. 

Howell, Robert W. Phosphorus nutrition of soybeans. Plant Physiol. 29: 477- 
483. S [N] 1954. 

Jacobs, W. P. Acropetal auxin transport and xylem regeneration—a quantitative 
study. Am. Nat. 88: 327-337. S-O [D] 1954. 

Khudari, A. K. & Bonde, Erik K. Growth inhibitor activity in Xanthium in rela- 
tion to photoperiodism. Plant Physiol. 29: 533-536. N 1954 [Ja 1955]. 

Kratz, William A. & Meyers, Jack. Nutrition and growth of several blue-green 
algae. Am. Jour. Bot. 42: 282-287. 16 Mr 1955. 

Langston, Ruble & Leopold, A. C. The dark fixation of carbon dioxide as a fac- 
tor in photoperiodism. Plant Physiol. 29: 436-440. S [N] 1954. 

Lee, Addison E. The effects of ascorbic acid on seedling organ growth of lupine 
and tomato. Bull. Torrey Club 82: 1-8. 16 F 1955. 

Lenz, Lee W. Studies in Jris embryo culture. I. Germination of embryos of the 
subsection Hexapogon Benth. (sect. Regelia sensu Dykes). Aliso 3: 173- 
182. 1 Ap 1955. 

Lockhart, James A. & Hamner, Karl C. Partial reactions in the formation of 
the floral stimulus in Xanthium. Plant Physiol. 29: 509-513. N 1954 [Ja 
1955}. 

McClendon, John H. The physical environment of chloroplasts as related to their 
morphology and activity in vitro. Plant Physiol. 29: 448-458. S [N] 1954. 

Nickerson, Walter J. Experimental control of morphogenesis in microorganisms, 
Ann, N. Y. Acad. 60: 50-57. 29 O [D] 1954. 

O’Kelley, Joseph C. External carbohydrates in growth and respiration of pollen 
tubes in vitro. Am. Jour. Bot. 42: 322-327. 16 Mr 1955. 

Parker, Johnson. Differences in survival of excised ponderosa pine leaves of 
various ages. Plant Physiol. 29: 486, 487. S [N] 1954. 

Patten, Bernard C. Germination of the seed of Myriophyllum spicatum L. Bull. 
Torrey Club 82: 50-56. 16 F 1955. 

Persidsky, D. J. & Wilde, 8. A. The effect of volatile substances released by soil, 
humus, and composts on the growth of excised roots. Plant Physiol. 29: 
484-486. S [N] 1954. 

Piringer, A. A. & Heinze, P. H. Effect of light on the formation of a pigment in 
the tomato fruit cuticle. Plant Physiol. 29: 467-472. S [N] 1954. 
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Porter, Helen K. & Rees, W. R. Some effects of ethanol extracts of potatoes on 
the activity of a phosphorylase preparation. Plant Physiol. 29: 514-520. 
N 1954 [Ja 1955]. 

Price, Carl A. & Thimann, Kenneth V. Dehydrogenase activity and respiration ; 
a quantitative comparison. Plant Physiol. 29: 495-500. N 1954 [Ja 1955]. 

Rebstock, Theodore L. et al. The influence of 2,4-dichlorophenoxyacetie acid on 
the phosphorus metabolism of cranberry bean plants (Phaseolus vulgaris). 
Plant Physiol. 29: 490, 491. S [N] 1954. 

Schaffner, Carl P. Studies on orchid media inhibitory to fungi. Am. Orchid 
Soe. Bull. 23: 798-802. D 1954. 

Seifter, Eli. The occurrence of coenzyme A in plants. Plant Physiol. 29: 403- 
406. S [N] 1954. 

Siegelman, H. W. & Schomer, H. A. Effect of scald on apple skin respiration. 
Plant Physiol. 29: 429-431. S [N] 1954. 

Spear, Irwin & Thimann, Kenneth V. The interrelation between CO, metabolism 
and photoperiodism in Kalanchoé. II. Effect of prolonged darkness and high 
temperatures. Plant Physiol. 29: 414-417. S [N] 1954. 

Stafford, Helen A. & Magaldi, Anna. A developmental study of D-glyceric acid 
dehydrogenase. Plant Physiol. 29: 504-508. N 1954 [Ja 1955]. 

Tulecke, Walter R. Preservation and germination of the pollen of Ginkgo under 
sterile conditions. Bull. Torrey Club 81: 509-512. 30 D. 1954. 

Van Overbeek, J., Blondeau, Rene & Horne, Vesta. Maleimides as auxin anta- 
gonists. Am. Jour. Bot. 42: 205-213. 16 Mr 1955. 

Vickery, Hubert Bradford. The effect of abnormally prolonged alternating peri- 
ods of light and darkness upon the composition of Bryophyllum calycinum 
leaves. Plant Physiol. 29: 520-526. N 1954 [Ja 1955]. 

Voigt, G. K. The effect of fungicides, herbicides, and insecticides on the ac- 
eumulation of phosphorus by Pinus radiata as determined by the use of 
P32, Agron. Jour. 46: 511-513. N 1954. 

Waggoner, Paul E. & Dimond, A. E. Production and role of extracellular pectic 
enzymes of Fusarium oxysporum f. lycopersici. Phytopathology 45: 79-87. 
F 1955. 

Wallace, Arthur. Calcium and magnesium in Citrus seeds. Plant Physiol. 29: 
488. S [N] 1954. 

Wallace, R. H. & Schwarting, A. E. A study of chlorophyll in a white mutant 
strain of Helianthus annuus. Plant Physiol. 29: 431-436. 8 [N] 1954. 
Wallihan, Ellis F. Relation of chlorosis to concentration of iron in citrus leaves. 

Am. Jour. Bot. 42: 101-104, 28 F 1955. 

Weinstein, Leonard H. et al. Assay of cytochrome oxidase activity of sunflower 
leaf tissue in relation to pH value and cation concentration of the buffer. 
Plant Physiol. 29: 398, 399. J1 [O] 1954. 

Wilson, Katherine S. & Cutter, V. M. Localization of acid phosphates in the em- 
bryo sac and endosperm of Cocos nucifera. Am. Jour. Bot. 42: 116-119. 28 
F 1954. 


PHYTOPATHOLOGY 
(See also under Genetics: Pate & Harvey) 
Bald, J. G. et al. Leaf scorch and Rhizoctonia on Croft lilies. Phytopathology 
45: 156-162. Mr 1955. 
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Bieberdorf, Frederick W. et al. An undescribed mesquite rust. Bull. Torrey 
Club 82: 131-133. 23 Mr 1955. 

Bruehl, G. W. Barley adaptation in relation to Pythium root rot. Phytopathol- 
ogy 45: 97-102. F 1955. 

Clayton, E. E. Identifying disease resistance suited to interspecific transfer. 
Jour. Hered. 45: 273-277. D 1954. 

Corbett, M. K. Apparent hypersensitivity of potato hybrids to potato virus Y. 
Phytopathology 45: 148-155. Mr 1955. 

Costa, A. 8. & Bennett, C. W. Studies on mechanical transmission of the yellows 
virus of sugar beet. Phytopathology 45: 233-238. Ap 1955. 

Couch, Houston B. Studies on seed transmission of lettuce mosaic virus. Phyto- 

pathology 45: 63-70. F 1955. 

Gallegly, M. E. & Marvel, M. E. Inheritance of resistance to tomato race O of 
Phytophthora infestans. Phytopathology 45: 103-109. F 1955. 

Graham, J. H. Helminthosporium leaf streak of timothy. Phytopathology 45: 
227, 228. Ap 1955. 

Harvey, John M. Decay in stored grapes reduced by field applications of fungi- 
cides. Phytopathology 45: 137-140. Mr 1955. 

Holmes, Francis O. Elimination of spotted wilt from dahlias by propagation of 
tip cuttings. Phytopathology 45: 224-226. Ap. 1955 

Jefferson, R. N. et al. Spotting of Cymbidium flowers. Am. Orchid Soe. Bull. 
23: 729-743. N 1954. 

Konzak, Calvin F. Stem rust resistance in oats induced by nuclear radiation. 
Agron. Jour. 46: 538-540. D 1954. 

Lownsberry, B. F. & Peters, B. G. The relation of the tobacco cyst nematode to 
tobacco growth. Phytopathology 45: 163-167. Mr 1955. 

Lund, Steve & Shands, H. L. Seedling infection of oats caused by Septoria ave- 
nae. Phytopathology 45: 181, 182. Mr 1955. 

McClean, A. P. D. & Van der Plank, J. E. The role of seedling yellows and stem 
pitting in tristeza of Citrus. Phytopathology 45: 222-224. Ap 1955. 
Meiners, Jack P. Etiology and control of snow mold of turf in the Pacifie North- 

west. Phytopathology 45: 59-62. F 1955. 

Paulus, Albert Otto & Pound, Glenn 8S. Effect of air temperature on initiation 
and development of gray leaf spot and nailhead spot of tomato. Phyto- 
pathology 45: 168-174. Mr 1955. 

Reynolds, Harold W. Varietal susceptibility of alfalfa to two species of root- 
knot nematodes. Phytopathology 45: 70-72. F 1955. 

Rice, Robert V. et al. The three components of squash mosaic virus. Phyto- 
pathology 45: 145-148. Mr 1955. 

Rosen, H. R. New germ plasm for combined resistance to Helminthosporium 
blight and crown rust of oats. Phytopathology 45: 219-221. Ap 1955. 
Safeeulla, K. M. & Thirumalachar, M. J. Resistance to infection by Sclerospora 
sorghi of sorghum and maize varieties in Mysore, India. Phytopathology 

45: 128-131. Mr 1955. 

Schaller, C. W. Inheritance of resistance to net blotch of barley. Phytopathol- 
ogy 45: 174-176. Mr 1955. 

Simons, John N. Some plant-vector-virus relationships of southern cucumber 
mosaic virus. Phytopathology 45: 217-219. Ap 1955. 

Slykhuis, John T. Aceria tulipae Keifer (Acarina: Eriophyidae) in relation to 
the spread of wheat streak mosaic. Phytopathology 45: 116-126. Mr 1955. 
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Smith, Wilson L. Streptomycin sulfate for the reduction of bacterial soft rot of 
packaged spinach. Phytopathology 45: 88-90. F 1955. 

Tapke, V. F. Physiologic races in Ustilago nuda and techniques for their study. 
Phytopathology 45: 73-78. F 1955. 

Thirumalachar, M. J. Incidence of charcoal rot of potato in Bihar (India) in 
relation to cultural conditions. Phytopathology 45: 91-93. F 1955, 

Toole E. Richard. Polyporus hispidus on southern bottomland oaks. Phyto- 
pathology 45: 177-180. Mr 1955. 

Treshow, Michael. The etiology, development, and control of tomato fruit tumor. 
Phytopathology 45: 132-137. Mr 1955. 

Treshow, Michael. Physiology and anatomical developmert of tomato fruit 
tumor. Am. Jour. Bot. 42: 198-202. 28 F 1955. 

Wilhelm, Stephen. Longevity of the Verticillium wilt fungus in the laboratory 
and field. Phytopathology 45: 180, 181. Mr 1955. 


GENERAL BOTANY 
(including biography) 

Anderson, E. & Stebbins, G. L. Hybridization as an evolutionary stimulus. 
Evolution 8: 378-388. D 1954. 

Beeler, A. Dale et al. Dean Ray C. Friesner, a tribute from the Faculty of Liberal 
Arts. Butler Univ. Bot. Stud. 11: 104-106. N 1954. 

Brown, Elizabeth D. W. Forest Buffen Harkness Brown 1873-1954. Trop. 
Woods 101: 60-62. portr. 15 Ap 1955. 

Butler University. Bibliography of the late Ray C. Friesner. Butler Univ. Bot. 
Stud. 11: 107-111. N 1954. 

Carter, J. C. Leo Roy Tehon, 1895-1954. Phytopathology 45: 115. Mr 1955. 

Fuller, George D. Notes on the history of the herbarium of the Illinois State 
Museum. Trans. Ill. Acad. 47: 38-43. Ap 1955. 

Gorham, Eville. Titus Smith, a pioneer of plant ecology in North America. 
Eeology 36: 116-123. Ja 1955. 

Harper, Roland M. Another Gattinger letter. Jour. Tenn. Acad. 29: 238, 239. 
1954. 

Iitis, Anne. Gregor Mendel’s autobiography. Jour. Hered. 45: 231-234. S-O 
[N] 1954. 

Jones, J. Johanna. Dr. Friesner, botanist-teacher. Butler Univ. Bot. Stud. 11: 
103, 104. portr. 1954. 

Lawrence, George H. M. Liberty Hyde Bailey, 1858-1954. Baileya 3: 27-30. 
Mr 1955. 

Ledin, R. Bruce. John Loomis Blodgett (1809-1853), a pioneer botanist of 
South Florida. Tequesta 13: 23-33. 1953. 

Rapp William F. The toxicity of Equisetum. Am. Fern Jour. 44: 148-154. 
D 1954. 

Rickett, H. W. & Camp, W. H. Toward nomenclatural stability. Taxon 4: 
32-40. Mr 1955. 

Stomps, Th. J. On the rediscovery of Mendel’s work by Hugo de Vries. Jour. 
Hered. 45: 293, 294. D 1954. 

Wilson, G. B. & Love, Merton. Charles Leonard Huskins, 1897-1953. Jour. 
Hered. 45: 248-250. S-O [N] 1954. 
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